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Push-button control with Cherry-Burrell Automated Systems 


The key to push-button control of raw 
product handling is Cherry-Burrell’s 
exclusive Load-A-Matic, which con- 
sists of three basic components — 
load cells, automatic valves and a con- 
trol panel. 


With these three pieces of equipment 
you can unload tank trucks, load and 
unload storage tanks, take instant in- 
ventory, load-out and standardize — 
automatically with the push of a 
button. And one man can control all 
of these operations. 


ECONOMICAL STEP-BY-STEP INSTALLATION 

Bringing raw product handling under 
the push-button control of one man 
is not a costly procedure. Cherry- 


Burrell engineers can design the sys- 
tem for economical step-by-step in- 
stallation. This method keeps new 
equipment investment to a minimum. 
And, at the same time, your in-plant 
profit increases as the equipment you 
do install reduces man-hours, im- 
proves efficiency in a given operation. 


PLAN WITH CHERRY-BURRELL 


Installing a Cherry-Burrell automated 
raw product handling system calls for 
careful planning. The program must 
be laid out precisely — the system 
accurately designed to your require- 
ments. Each piece of equipment must 
be looked at in the light of its place 
in the over-all system. 


A Cherry-Burrell Sales Engineer can 
help you start this vital planning now 

. planning that results in an auto- 
mated system best suited to your pre- 
sent needs and one which can be 
easily and economically expanded in 
the future. Get in touch with a Cherry- 
Burrell Sales Engineer today. 


Write for a free copy of 
Cherry-Burrell’s new 
Automated Systems Bulletin 


CHERRY- BURRELL 


CORPORA 


CEDAR RAPIDS, 


Profitable Brands Start with Cherry-Burrell 
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PEOPLE AND EVENTS 


COLLEGE AND UNIVERSITY NEWS 
Ohio State News 


J. H. Erp, vice-president of the midwest 
division of the Borden Company, and L. L. 
RuMMELL, Dean of the College of Agriculture 
and Direetor of the Ohio Agricultural Experi- 
ment Station, were honored in October at the 
Department of Dairy Technology’s 11th An- 
nual Homecoming Brunch. 


J. H. Erb L. L. Rummell 


Mr. Erb received the Dairy Technology 
Award of Merit and Dean Rummell was 
honored for his leadership in agriculture and 
his keen interest in the dairy industry. 

Mr. Erb was honored for his contribution to 
the dairy industry as an educator, industry 
executive, and leader in civie affairs. Before 
going with the Borden Company in 1943, he 
spent 14 vears as a member of the O.S.U. Dairy 
Technology Department staff. His educational 
interests have continued and recently he has 
served as chairman of the subeommittee on 
Education and Training for the National Com- 
mittee for the Dairy Industry. He has also 
served as the official ice cream judge with the 
International Collegiate Dairy Products Con- 
test. 

Active in the dairy industry at the national 
level, Erb has been chairman of the produc- 
tion planning committee of the International 
Association of Tee Cream Manufacturers and 
has served as a member of that association’s 
committee on standards and definitions. He is 
a member of the A.D.S.A., has served as a 
member of its board of directors, as chairman 
of the Journal Management Committee, and 
as secretary of the Manufacturing Section. At 
the present time he is a member of the policy 
committee. 

Dean Rummell, who will retire in December 
after 12 years in his present post, received a 
“Picture Memoirs” of past Dairy Technology 
Homecoming Brunches. 

Wayne Bascock, president of the Babcock 
Dairy Company, Toledo, served as toastmaster 


of the event which was attended by about 200 
alumni, friends, and guests. Honored classes 
and their spokesmen were 1919, S. Kocn- 
HEISER, Columbus; 1929, R. E. Hamitron, Wil- 
lard, O.; 1939, L. E. Burkey, Toledo; 1949, 
J. O. Roperts, Columbus; and 1959, R. FE. 
Dayton. 


The Dairy Technology “exploratory meet- 
ing,” the place where freshman students be- 
come acquainted with the seope of the dairy 
technology curriculum, was held in October. 

One high light of the evening was the show- 
ing of colored slides depicting the various fune- 
tions of the department and narrated by 
students and staff members. Also featured was 
a stiaent panel diseussion on the dairy tech- 
nology curriculum and the future in the dairy 
techvology field. 


Arizona 


The Ninth Annual Dairy Industry Confer- 
ence will be held at the University of Arizona 
on January 13-14, 1960. Speakers will include 
G. M. Trout, Michigan State University; R. R. 
McE.LuHINeEYy, Carnation Co., Albers Milling 
Division, Los Angeles; Gustavson, 
former Chancellor of the University of Ne- 
braska, now Professor of chemistry at the 
University of Arizona; J. L. Witsonx, Eeo- 
nomics Laboratory, Ine., St. Paul; and R. A. 
Yatunt, Servair Corporation, Los Angeles. 


Georgia 


Nine teams competed in the Eleventh Annual 
Southern Intercollegiate Dairy Products Judg- 
ing Contest held at the University of Georgia 
in October. 

The high team in judging all products was 
the University of Georgia; Mississippi State 
University, second; and North Carolina State 
College, third. The North Carolina State team 
led in judging milk; Texas Tech., ice cream; 
Mississippi State, butter; and the University 
of Kentucky, cheese. 

The high individuals were Dan Barrett, 
Georgia, all products; JosepH Swann, North 
Carolina State, milk; Woory Jackson, Texas 
Tech, ice cream; Paut Georgia, butter; 
and KenNetTH Evans, Kentucky, cheese. 


The Annual Sanitarians Conference and 
Meeting of the Georgia Chapter of the Inter- 
national Association of Milk and Food Sani- 
tations, Famcin PArrisu, President, was held 
Sept. 24-25, at the Georgia Center for Con- 
tinuing Education of the University. A feature 
of the program was an address by RALPH 
Hussonc, Manager, Fundamental Research 
Section, National Dairy Products Corporation 
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KLENZMATION® 


Automated 


Cleaningor 


STORAGE AND 
BULK PICK-UP TANKS 


KLENZMATION TANKER WASHING 
INSTALLATION 


Pre-Engineered Package” 
AUTOMATION SYSTEMS 


Complete automation 
components ready for 
installation. Fully auto- 
matic system pre-engi- 


neered to reduce costs. 


ing cycles with con- 
trolled detergent and 
water usage. Automatic 
time and temperature 
control. Also new im- 
proved Klenz-Spray units 
for cleaning bulk pick- 
up tanks and storage 
tanks. Only Klenzade 
offers this wide choice 
of selective components 


and matching systems. 


Most Versatile Systems Yet Devised 


Write for Illustrated Literature 


Systematized Sanitation ALL OVER THE NATION. 


WISCONSIN, 


Left to right, R. E. Roberts, coach; Paul Howse, Joe 
Payne, Dan Barrett, and J. J. Sheuring, coach. The 
trophy on the table in the foreground is the first ever 
| awarded in a southern contest. It was won in 1928 
by a University of Georgia team coached by F. W. 
Bennett, still a member of the staff. 


Laboratory, Glenview, Illinois, on industrial 


research. The new Sanitary Science Curricu- 
lum at the University of Georgia was explained 
by H. B. Henperson. Sanitation awards were 
presented to Emory Cooke, Augusta, on milk 


| sanitation; and Tom ForEHAND, Jesup, on food 
| sanitation activities. The name of the Georgia 
Chapter of IAMFS was changed to “The 


¥ 99 
Provides complete clean- of [AMPS. 
| Frank GOLDEN, president; RAYMOND SUMMER- 


Georgia Society of Sanitarians—An Affiliate 
The new officers elected were 


| LIN, vice-president; J. J. SHEURING, secretary- 


treasurer. 


Howarp L. Daron has resigned his position 
as assistant professor of dairying at the Uni- 
versity, effective Nov. 1, 1959, to become man- 
ager of Davis and Roberts Dairy, Fort Pierce, 
Florida, one of the larger dairies of the state 
with over 1,000 cows. 


The Dairy Production Short Course has been 
scheduled on January 26, 27, and 28, 1960, to 
be held one day each at three geographical loca- 
tions in the state. The theme will be “Planning 
Today for Tomorrow’s Dairy Industry.” In- 
eluded in the faculty are JouN DonKer, Uni- 
versity of Minnesota; Harry Donono, Ohio 
Dairy Extension Specialist; T. J. Skusostap, 
Babson Bros.; W. J. SLONAKER, Ohio Farm 
Bureau Association. 


Illinois 
B. L. Larson, associate professor of biologi- 
cal chemistry in the Department of Dairy Sei- 
ence at the University of Illinois, has recently 
returned from France where he spoke at the 
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For Really Safe Filtration PLUS a Reliable 


RAPID-FLO 
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suo: Mulk Filter Disks 


GAUZE FACED 


Profit minded producers, fieldmen and plant personnel know the impor- 
tance of producing top quality milk. That’s why more dairy farmers use 
RAPID-FLO Single Faced Filter Disks than any other brand to improve 
milk quality and avoid loss. 

RAPID-FLO S/F Milk Filters are engineered by Johnson & Johnson for 
clean milk production and safe filtration, PLUS the extra benefit of a 
RAPID-FLO CHECK-UP for mastitis and extraneous matter. 

Urge your producers to read the important message on the bottom of 
each RAPID-FLO S/F carton. They’ll find the complete story on improv- 
ing milk quality and profit with the RAPID-FLO CHECK-UP. 


FILTER PRODUCTS DIVISION 


sfohnson 


4949 West 65th Street ¢ Chicago 38, Illinois 


Copyright 1959, Johnson & Johnson, Chicago 
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invitation of the French Ministry of Agricul- 
ture to a conference on milk proteins spon- 
sored by the International Cirele of Dairy Re- 
search Leaders. 

The host for the meetings, held in October, 
was Prof. G. Mocquor of the Station Centrale 
de Recherches Laitieres et de Technologie 
des Produits Animaux located at Jouy-En- 
Josas (S.-Et-O.), which is just outside Paris 
near Versailles. 

Dr. Larson diseussed with the group methods 
he has used to evaluate the individual protein 
components of milk and biochemical and physi- 
ologieal considerations on how these individual 
protein components of milk change in normal 
and abnormal milk due to various factors. He 
also conferred with several people on problems 
associated with the contamination of milk and 
other foods by radioactive fallout. Following 
the meetings, Larson visited some laboratories 
in England before flying home. 


Iowa 


G. W. Rerysoip joined the dairy industry 
staff at Iowa State University in September. 
After receiving his B.S. at Pennsylvania State 
University and his Ph.D. at the University of 
Illinois, Dr. Reinbold spent several years in 
research, quality control and product develop- 
ment work with commercial organizations. His 
duties at Towa State are predominantly in 
Dairy Industry Extension. 


R. A. Bucwanax, Milk Products Officer, 
Dairying Division, Department of Agriculture, 
Victoria, Australia, is spending the 1959-1960 
academic year at Iowa State University on a 
Rotary Foundation Fellowship. He is taking 
course work in Dairy Bacteriology and Agri- 
cultural Economies and will make a_ study 
of certain bacteriological aspects of bulk-tank 
handling of milk on the farm. 


Nosuniro YANO has returned to his position 
in the laboratory of dairy microbiology at the 
National Institute of Agricultural Sciences, 
Chiba-shi, Japan, after spending a year at 
Iowa State University on a Rockefeller Foun- 
dation Fellowship. 


The Ninth Annual Cow Conference was held 
in September at the Ankeny Experimental 
Farm of lowa State University. The main 
theme of the meetings was dairy cattle breed- 
ing, especially the identical twin project being 
conducted at the Ankeny Farm. Speakers on 
the program included H. W. Carrer, Cornell 
University; E. M. Wricut, Board of Control of 
State Iustitutions, lowa; and J. L. Lusn, A. E. 
FREEMAN, A. R. Porter, D. BE. and 
N. L. Jacopson. of lowa State University. 
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To ensure a quality concentrate, every piece of equip- 
ment used in the canning line is made of stainless 
steel. Complete sterilization is maintained from the 
start until the concentrate is sealed in the sanitary 
open-top type of container. 


Sanitarians Know 
These 8 Facts! 


1 Pure milk demands pure vitamin additives, 
* and Vitex vitamin concentrates are the highest 

n quality! 

2 It is fundamental that in the modification 
* of milk (or in the addition of any modifiers 
to milk) only ingredients having the same sanitary 

quality may be used. 

3 The dairy ingredients in Vitex vitamin D milk 
ae are derived only from Grade A 

milk 


4 The dairy ingredients used in Vitex vitamin D 
* concentrates are processed only in Grade A 
dairy plants. 
Each lot of dairy ingredients used in Vitex 
vitamin D concentrates is evaluated for sani- 
tary quality by stringent methods of bacteriological 
procedures. 
6 Vitex vitamin milk concentrates are processed 
* in a modern, regularly inspected plant designed 
especially for the product. It is given regular multi- 
ple sanitary inspection. 
7 Equipment used in processing 
* Vitex vitamin D milk concen- 
trates complies with the 3A Sani- 
tary Standards for dairy equipment. 
8 Vitex vitamin milk concentrates 
* represent the highest of stand- 
ards in dairy product processing 
techniques. They are used in Ameri- 
ca’s outstanding and finest dairies. 


VITEX LABORATORIES 


A Division of NOPCO CHEMICAL COMPANY 
GENERAL OFFICES: 60 Park Place, 


Newark, N.J. 
® PLANTS: Harrison, N.J. * Richmond, Calif. 


Pioneer Producers of a Complete Line of Vitamin 
Concentrates for the Dairy Industry 
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HEAT SHOCK! 


Fropex (Corn Syrup Solids) has an 
amazing power to stop heat shock and 

to prevent abuse of frequent handling 
from affecting the quality of ice cream. 
FRropDEX actually improves texture, flavor 
and melt-down. You get other advantages, 
too— increased food solids content plus 
economical production. 


Check with our Technical Sales Service 
Department and see how you can make all these 
products taste better with FropEx: 


e POP STICKS ¢ NOVELTIES ¢ WATER ICES 
e ICE CREAM CAKES ¢« ICE CREAM e¢ SHERBETS 


PRODUCTS COMPANY 


250 PARK AVENUE «© NEW YORK 17.N Y¥ 


Liquid FRODEX in the form of Amaizo Corn Syrup 


Or Our Sates Offices: ATLANTA+ BOSTON BUFFALO>+ CHICAGO + DENVER GRAND RAPIDS+ HOUSTON 
LOS ANGELES + PHILADELPHIA «+ PITTSBURGH + ST.LOUIS + ST. PAUL + SAN FRANCISCO + SEATTLE 
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CHOCOL 


olate Drink Concentrate! This fully 
prepared Dairy Powder contains 
all the necessary ingredients for 
making a delicious chocolate milk 
drink of the best quality possible. 
Made anly of the finest cocoas, 
American Food’s concentrate re- 
sults in a chocolate milk drink with 
a taste-tempting color that’s so im- 
portant to sales appeal. And its 
“chocolatey” flavor and uniform 
body will keep your product sold 
all year,round. You'll realize pro- 
duction savings, too, with this si sim-* 
ple and economical product. 


Reed's Chocolate Drink 


Concentrate comes in single or extra 
strength in pre-weighed bags for 
any size batch. Your first batch will 
convince you — There’s no finer 
‘quality in chocolate milk drinks. 


Write to our Technical Service Staff 


for complete information¢— 


at 


A, AMERICAN FOOD. 
LABORATORIES INC. 


STANLEY AVENUE, BROOKLYN 8, N. 
1442 Flower "GLENDALE 1, 


LPHIA . BALTIMORE - DeTRoiT - CHICAGO - DALLAS 


| is chairman. 


SCIENCE 


The third Dairy Plant Laboratory Short 
Course was held November 3-4 at Iowa State 
University. The discussions and demonstra- 
tions were presented by members of the Dairy 
Industry staff at the University. 


Rhode Island 


J. W. Copsie, University of Rhode Island 
animal and dairy husbandry department head, 
is the new associate dean of the College of 
Agriculture and associ- 
ate director of the 
Rhode Island Agricul- 
tural Experiment Sta- 
tion. 

The new associate di- 
rector, who will aid 
Dean W. H. Wivey in 
administering the resi- 
dent instruction 
gram and the Experi- 
ment Station’s 150 re- 
search projects, came to 
the University of Rhode 
Island in 1951 as head 
of the Animal and 
Dairy Department. Born in Millersville, Mis- 
souri, April 13, 1920, he holds three degrees 
from the University of Missouri—B.S. in 1947, 
A.M. in 1948, and Ph.D. in 1951. 

Dr. Cobble will continue as head of the URI 
Animal and Dairy Husbandry Department for 
the remainder of this vear. 


J. W. Cobble 


International Judging Contest 


The names of two institutions of higher 
learning will be engraved on this year’s Milk 
Cup award in the Collegiate Students’ Inter- 
national Contest in Judging Dairy Produets. 

Ohio State University received possession 
of the cup in October at Miami Beach, when 
winners in the collegiate taste tourney were 
announced. Less than one point behind Ohio 
State’s milk judging team was the team from 
California State Polytechnie College. A sub- 
sequent error in scoring was discovered which, 
if it had been discovered earlier, would have 
permitted the cup to be presented to Cal Poly. 

The rules of the Contest state that once 
score cards have been certified, vo changes in 
standings can be made, and accordingly, Ohio 
State will be permitted to keep possession of 
the Milk Cup until next year’s contest. Per- 
manent possession of the cup, however, re- 
quires that it be won three times by a single 
college. California State Polytechnie College 
will now be considered as having one “leg” up 
on the cup, and the institution’s name will be 
engraved on the cup along with that of its pos- 
sessor, Ohio State. This was the decision of 
the American Dairy Science Association’s Com- 
mittee on Judging Dairy Produets, of which 
E. L. THomas of the University of Minnesota 
Coneurring in the decision were 
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Milk Industry Foundation, donor of the Milk 
Cup, and Dairy Industries Supply Association, 
which, with A.D.S.A., sponsors the contest. 

D. V. Lorp, the Cal Poly student whose score 
card was graded erroneously, will also receive 
an additional prize over and above the wrist 
watch he won for being top individual cheese 
judge and the bronze medal for being third 
in butter judging. The new medal for Lord 
will be a bronze medal for judging all products. 
In Miami Beach, the bronze all products medal 
was awarded to R. G. Cox, Mississippi State 
University, who will retain his medal, and a 
new one will be struck for Lord. 


COMPLETED THESES 
Ph.D. Degree 


L. R. Bkown—Bloat and bloat prophylaxis and 
their relationship to certain properties of 
rumen ingesta and blood. Iowa State Uni- 
versity, Ames. 

R. H. Jonnson—Observations on the etiology, 
prophylaxis and therapy of pasture bloat. 
lowa State University, Ames. 

W. S. LaGrance—Quality of manufacturing- 
grade bulk-tank milk. lowa State Univer- 
sity, Ames. 


M.S. Degree 


R. W. BavGHMan—Influence of penicillin on 
the morphology and growth of lactic strep- 
tococeci. Lowa State University, Ames. 

J. H. Hittin—tThe effect of breed, age of the 
animal, season of the year, and length of 
the interval from calving to first service on 
the number of services for conception in 
dairy cows. Texas A & M College, College 
Station. 

J. R. Mivron—tThe isolation and identification 
of carbonyl compounds associated with 
feed flavors in milk. Kansas State Univer- 
sity, Manhattan. 

H. H. Van Horn, Jr.—The role of saliva in 
the etiology and prevention of bloat. 
Kansas State University, Manhattan. 


BUSINESS AND INDUSTRY NEWS 
Carnation Company 

C. A. Brown has been promoted to manager, 
institutional department, and G. D. Murpny to 
manager, retail department of Carnation Com- 
pany’s Instant Products division. 

Brown, formerly merchandising manager for 
Carnation’s hotel, restaurant, and institutional 
products, joined the firm in 1947. He has 
specialized in dairy products merchandising. 


FOR TECHNICAL HELP... 


¢ In addition to supplying you with high quality 
chocolate flavorings and coatings for your ice 
cream, The Man From Blumenthal will gladly: 


1. 
2. 


> 


BLUMENTHAL BROS. CHOCOLATE 
MARGARET AND JAMES STS., PHILADELPHIA 37, PA. 


Discuss prices and prevailing market conditions. 
Arrange for his laboratory to perform special 
services that can only be handled by a lab 
staffed with chocolate technicians and equipped 
with the latest analytical and pilot plant equip- 
ment to produce special types of chocolate 
for ice cream. 

Refer your problems to one of our consultants 
specializing in technical ice cream problems. 
Conduct research on new ideas suggested 
by you. 
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| The Case of the Disappearing Culture e = 


It Worked! It always does because 


FOND DU LAC, 


WISCONSIN 


MATRIX is the Perfect Mother Culture Media 
GALLOWAY-WEST COMPANY 


L— 


Murphy joined the company in 1954 and 
served as an assistant district manager for 
grocery products sales in Chicago. The past 
vear he has been a sales staff assistant at 


Carnation’s Los Angeles world headquarters. 


Cherry-Burrell Corp. 


K. F. Reinke has been appointed to the staff 
of the Sales Engineering Department at 
Cherry-Burrell Corporation, Cedar Rapids, Ta. 

Mr. Reinke is a graduate of Iowa State 
University where he majored in dairy industry. 
From 1949 to 1953, he was with Swift and Com- 
pany as superintendent of the ice cream de- 
partment. Later, he gained dairy sales experi- 
ence with Dairy Supply Equipment Company 
and M & H Industrial Supplies. 

After two years’ postgraduate study, he 
earned the Master of Science Degree at Michi- 
gan State University in dairy technology and 


| agricultural engineering. 


C. W. England Lab. 


H. M. WuinpLan has recently joined the staff 
of the C. W. England Laboratories, Washing- 
ton, D. C., according to C. W. ENGLAND, diree- 
tor. 

Dr. Windlan has a broad background in dairy 
and food technology. He was formerly a 
chemist with the Continental Baking Company 
and before that was manager of the American 
Cvanamid Company's food technology labora- 
tory. 

Dr. Windlan received his B.S. and M.S. 
degree from the University of Georgia and his 
Ph.D. degree from Cornell University. 

The C. W. England Company, primarily en- 
gaged in the field of dairy products analysis 
and consulting, is now in the process of ex- 
pansion to encompass the analysis and con- 
sulting phases of food technology in general. 


Klenzade 


Over 100 Klenzade sales representatives and 
a number of recently appointed trainees at- 
tended the annual 3-week Klenzade Sales 
Training School at the Company’s newly com- 
pleted plant in Beloit, Wis. 

The faculty was composed of company 
executive and technical personnel including 
well known guest speakers such as K. G. 
Wecke.L, C. U. Letourneau, W. K. MOosEtey, 
GALE AMMERMAN and other technical special- 
ists prominent in their respective fields. 

The comprehensive curriculum included: 
sanitation bacteriology, sanitation chemistry, 
dairy farm and dairy plant sanitation, can 
washing, mold control, automation and spray 
cleaning, feeding and proportioning equipment, 
high temperature equipment cleaning, cultured 
products, and food processing sanitation. 
Thirty-four states, including Alaska, were 
represented by salesmen. 
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FOR 


SANITATION 
RESEARCH 


DIVERSEY 


EARNINGS 


Research—the yardstick by which we 
prepare for the future—is of first impor- 
tance at Diversey. Last year our expendi- 
tures for Research and Product Develop- 
ment amounted to about 25c of every dol- 
lar of pre-tax earnings. 


Much of this effort is aimed at applying 
electronics and atomic physics to Dairy 
Sanitation. Advanced research like this 
has led to improved techniques for evalu- 
ating results of C-I-P cleaning, for in- 
stance. 


In new-product development, an exam- 
ple of Diversey’s many contributions is a 


INVESTS 


new non-foaming conveyor chain lubri- 
cant—DIcoLuBE SL. This lubricant pro- 
vides cleaner, more smoothly operating 
chains and eliminates the problem of slip- 
pery, hazardous floors along conveyor 
lines. 

By constantly searching for better prod- 
ucts and methods—solving the small 
problems as well as the large ones— 
Diversey advances the science of dairy 
sanitation . . . helping to insure quality 
milk and improve dairy efficiency. Per- 
haps our experience can help you. The 
Diversey Corporation, 1820 Roscoe 
Street, Chicago 13, Illinois. 


DIVERSEY. 


11 
| 
i 
— 
| 


12 JOURNAL OF DAIRY SCIENCE 


Beatrice Foods 


L. J. ANJ1ER has been promoted to manager 
of Beatrice Foods Co.’s Meadow Gold Dairies 
Plant, Denver, Colo. He succeeds K. M. Suar- 
FER, who has been appointed Manager of the 
Milk Division of Dairymen’s Association, 
Honolulu, Hawaii, a division of Beatrice Foods 
Co. 


L. J. Anjier 


( 
K. M. Shaffer 


A veteran of more than 30 years experience 
in the dairy industry, Anjier joined the Denver 
plant as a route driver-salesman in 1928. He 
advanced through various sales and sales super- 
visory positions and was named sales manager 
of the Denver plant in 1950. 

Shaffer, manager of Meadow Gold Dairies’ 
Denver plant since 1954, joined the firm in 


curement and sales positions and was named 
ice cream sales manager in 1950, 


National Fleet Contest 


Price’s Creameries, Inc., E] Paso, Tex., West 
Texas and New Mexico Division of Beatrice 
Foods Co., recorded a perfect seore to earn 
national honors in the milk and iee cream di- 
vision of the 28th National Fleet Safety Con- 
test. 

Price’s Creameries fleet, consisting of 48 
vehicles, was awarded first place in the Retail 
Truck Class B Division of the contest at cere- 
monies held here in conjunction with the 47th 
National Safety Congress and Exposition. The 
contest is conducted by the National Safety 
Council and sponsored by the Milk Industry 
Foundation. 

The award is based upon the company’s 
safety performance from July 1, 1958, through 
June 30, 1959. During the period, drivers for 
Price’s Creameries operated 250,000 miles with- 
out an accident. 

All accidents were counted except those oc¢- 
curring when a company vehicle was parked 
properly. Winners were determined after an 
inspection of their records by an auditor ap- 
pointed by the National Fleet Safety Contest 
Committee. 

A total of 260 fleets competed in the Milk 
and Ice Cream Industry Division of the contest. 
They operated 158,283,000 vehicle miles and 


1940. He advanced through production, pro- 


achieved a frequency rate of 1.75 accidents 


The Australian Journal of Dairy Technology 


The Journal contains scientific and technical papers on all aspects of dairying, espe- 
cially dairy manufacture. It provides for those in other countries an up-to-the minute 
record of the latest developments in dairy technology in Australia and New Zealand. 
News, reports, editorials, book reviews and Society proceedings are included, and 
the Journal is illustrated. It appears quarterly. 


SOME ARTICLES PUBLISHED IN 1957-58. 


“Progress in the Engineering of Dairy Processing” by J. K. Scott. 


“Mechanization of Milling, Salting and Hooping in Cheddar Cheese Manufacture” by J. Czulak, 
N. H. Freeman and H. L. C. Chapman. 


“The Stability of Vitamin A in Reconstituted Fortified Non-Fat Milk Solids, Part I—The Effect of 
Heat; Part II—The Effect of Light'"—by J. Conochie and R. A. Wilkinson. 


"Modern Packaging of Cheese" by W. J. Park. 


“The Effect of Temperature on the Keeping Quality of Butter in Cold Storage" by E. G. Pont and : 
L. F. Gunnis. 
"Variations in Lactic Acid Production in Milk" by Barbara P. Keogh. % 


Obtainable through booksellers, or from the Australian Society of Dairy Technology, P.O. Box 20, 
Highett, Victoria, Australia. Price $3.50 per annum. 


Special Offer: A certain number of complete sets of back numbers, comprising twelve 
volumes and a decennial index, are available at a concession price of 
$27.00. 
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per 100,000 vehicle miles. This is the lowest 
rate in the 13 years the MIF has sponsored the 
contents and is nine per cent lower than last 
year’s rate. 


R. L. Morrissey (right), personnel and safety direc- 
tor for Price’s Creameries, Inc., El Paso, Tex., re- 
ceives the first place plaque and congratulations from 
E. G. Cox, chief of the safety section, Bureau of 
Motor Carriers, Interstate Commerce Commission. 
Price’s won the plaque in the 28th National Fleet 
Safety Contest. 


DAIRY TECHNOLOGY SOCIETIES 


Central Michigaa—G. M. Trout, Michigan 
State University, was the main speaker at the 
November meeting. He spoke on his experi- 
ences as the U. S. Official Delegate to the 15th 
International Dairy Congress, London. Officers 
for 1960 were also nominated. 


Detroit—The November meeting featured 
D. R. Arnorr, Department of Dairy Science, 
Ontario Agricultural College, Guelph. He 
spoke on the topic, “Processing Sterile Milk 
and Chocolate Milk.” Nominations for 1960 
officers were accepted. 


Kansas City Area—‘The Place of Milk and 
Milk Products in the Grocery Store” was the 
topic of a panel of officers and directors of the 
Retail Grocers’ Association. RicHArb- 
son of the association was the moderator. 


Kansas City—-C. B. Cozarp, sales manager 
of Beatrice Foods Company, Topeka, spoke 
on the topic, “Merchandising Dairy Products 
and Increasing Consumption.” Officers for 
1960 were nominated at the meeting. 


Maine—A tour of H. P. Hood and Sons’ 
Cottage cheese operation in New England was 
a high light of the annual meeting of the As- 
sociation. Elected officers for 1960 are presi- 
dent, Dwicgut Srapies, Portland; vice-presi- 
dent, Epwarp DENNEY, Damariscotta; secre- 


These are typical comments... 


Come and see for yourself. Share in the collec- 
tive knowledge and ideas of the progressive 


men in your field at the 1960 ICE CREAM 


CLINIC. For reservations write: 


G. P. Gundlach & Company 


CINCINNATI 3, OHIO 


P. O. BOX A, STATION N 


“Good Training, 
Not Like a 


Convention.” 


“Saved $12,000.00 
With a 
Clinic Idea.” 


Gundlach’s 
1960 


Ice Cream 


Work Clinic 


; January 19, 20, 21 


Cincinnati, Ohio 


3 
| 
e 
| 
| 


14 


JOURNAL OF DAIRY SCIENCE 


protect your profits 


> Fat determinations accurate to .03 of 1%. 

> Total solids tests accurate to 1/10th of 1%. 

> Assures uniformity, quality in finished products. 
» No previous skill necessary to operate unit. 


Send today for ‘Cash Value of Accuracy Chart" 


MOJONNIER BROS. CO., 4601 W. OHIO ST., CHICAGO 44, ILLINOIS 


MILK 


| 
| 


TESTERS 
| 


Standard Throughout the World for over 40 Years 
Dependable Products... Backed by Dependable Service 


tary, KENNETH JOHNSON, Augusta; and 


treasurer, GoRDON RAMSDELL, Orono, 


Metropolitan—R. P. Tirrsier, Dairy Prod- 
ucts Laboratory, Agricultural Research Service, 
USDA, was the main speaker at the Novem- 
ber meeting. His topic was “Starter Cultures: 
Their Maintenance and Problems.” 


Michigan—*“Delivery Equipment Costs” was 
the topic of CHARLES HAaNNING, Diveo Corpo- 
ration, Detroit, at the November meeting of the 
society. 


North Carolina—A. G. Maruis, an agricul- 
tural economist for the USDA, was the main 
speaker at the November meeting. His topic 
was “The Impact of Concentrated Milk on the 


Fluid Milk Industry.” 


Ohio—J. C. TRAuTMAN spoke on “Produe- 
tion and Costs of Fresh Flavored Concentrated 
and Dried Milks” at the October meetin,s of 
the four Ohio societies—Maumee Valley, 
Northeastern Ohio, Central Ohio, and Cinecin- 
nati. 


Tri-State—Herrsert Dunsmorg, chief of the 
Bureau of Environmental Health, Allegheny 
County, Pa., was the main speaker at the No- 
vember meeting. 


Volume 2, 
Volume 3, 
Volume 4, 
Volume 5, 
Volume 46, 
Volume 7, 
Volume 9, 
Volume II, 
Volume 13, 
Volume 14, 
Volume 15, 


1919—Entire volume 
1920—Entire volume 
1921—Entire volume 


1922—-January, May, Sep- 


tember, November 
1923—Entire volume 
1924—Entire volume 
1926—Entire volume 
1928—January 
1930—May, September 


1931|—January, March, 
May, November 


1932—July, September, 
November 


List of JOURNALS Needed as of January 1, 1960 


The above Journals are needed to fill orders for back copies. Send any or all of 
them to The Garrard Press, 510 N. Hickory Street, Champaign, Illinois. The Associa- 
tion will pay $0.50 plus postage for each copy. 


1934February, October 

1935—June, October, No- 
vember, December 

1943—January, April 

1946—January, March, 
April 

1947—January, March, 
April, May, De- 
cember 

1953—February, Septem- 
ber 

1955—April 

1957—July 

1958—May, June, Septem- 
ber 


1959—January 


Volume 17, 
Volume 18, 


Volume 26, 
Volume 29, 


Volume 30, 


Volume 36, 


Volume 38, 
Volume 40, 
Volume 41, 


Volume 42, 


i@: | i 
| 
3 
| | 
| 
| 


JOURNAL OF DAIRY SCIENCE 15 


STUDENT CHAPTER NEWS 


J. E. Jounston, Editor 
A Section Devoted to News of Student Members 


The A.D.S.A. Student Affiliate Committee 
Annual Meeting 


A meeting of student affiliates and faculty 
advisers was held on June 16, 1959, at the 
University of Illinois, Urbana, Illinois, in con- 
nection with the 54th Annual Meeting of the 
American Dairy Science Association 
(A.D.S.A.). This meeting was organized by 
the Student Affiliate Committee of the 
A.D.S.A. The chairman of the committee, 
W. W. Snyder, Michigan State University, 
presided. He outlined the committee program 
for the past vear and the proposed program 
for the next vear. 

He noted that the membership drive this 
year had resulted in an increase of about 18 
per cent. He attributed this primarily to three 
factors: First, the change in deadline date 
from November 15 to December 15 with the 
specal offer of 15 issues of the Journal of 
Dairy Science for the price of 12. Second, the 
fact that the Secretary of A.D.S.A. wrote in- 
dividual letters of invitation to prospective 
members. Third, the fact that a score card 
for the new Student Chapter Award allowed 
10 points for affiliate membership. He also 
noted that two new chapters had been organ- 
ized, bringing the total number of chapters 
to 41. 

Dr. J. E. Johnston announced that the pro- 
posed constitution for the Student Branch of 
A.D.S.A. had been ratified by 36 of the 41 
chapters, which constituted more than three- 
fourths of the active chapters. The Board of 
Directors of A.D.S.A. had approved a plan to 
submit a ballot to the general membership for 
the purpose of amending the constitution of 
A.D.S.A. to permit the organization of the 
Student Branch. This ballot is to be mailed 
out in the fall with the “dues” notice. If the 
amendment is approved, a National convention 
of the Student Branch will be held in connec- 
tion with the 55th Annual Meeting of A.D.S.A. 
There was a discussion of tentative plans for 
this convention. 

Mr. Snyder announced that there were 18 
entries for the outstanding Student Affiliate 
Club Award of $100. It was mentioned that 
the display of these entries was available for 
inspection near the registration desk. It was 
suggested that, in the future, a list of com- 
ments concerning the various club activities 
should be prepared as a guide for planning 
future programs. 

It was announced that nine graduate stu- 
dents had competed for the Outstanding Grad- 
uate Student Presentation Award which was 


offered this year for the first time in the pro- 
duction section. In view of the favorable re- 
action to this program, it is expected that an 
award will be offered in both the Production 
and Manufacturing Sections next year. 

Dr. J. EK. Johnston, Editor for the Student 
Affiliate News Section of the Journal of Dairy 
Science, stated that he would weleome more 
news items. He pointed out that because of 
the printing schedule for the Journal, a couple 
of months might elapse between the time of 
receipt of a news article and its publication. 
He suggested that news items should reach him 
prior to the fifth of each month to avoid delays 
in publication. 

The reaction to the general program of the 
committee was favorable. Several helpful 
suggestions were made for improving the pro- 
gram for next year. 

There were ten student affiliate and thirty- 
nine faculty members present. Twenty-eight 
of the forty-one student affiliate chapters were 
represented. 


KELCO STABILIZERS » 
FIRST CHOICE BECAUSE 
 KELCO STABILIZERS FIT 
<> YOUR REQUIREMENTS 


KELCO 
COMPANY 


120 Broadway, New York 5, N.Y 

530 West Sixth St., Los Angeles 14, Calif 
20 N. Wacker Drive, Chicago 6, Iilinois 
Cable Address: Kelcoalgin—New York 


IN GALLONS 
OF ICE CREAM 
STABILIZED — 
YEAR AFTER 
YEAR 
AFTER YEAR 
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Student Affiliate Membership Drive 


The membership drive is nearing a close with 
December 15th the deadline for taking ad- 
vantage of the three extra copies of the Journal 
to new members. If you haven’t gotten your 
membership in, how about doing it now? The 
organization of a National Student Branch of 
the Association makes it more important than 
ever that each qualified student join. 


Graduate Student Presentation Contests 


The success of the Graduate Student Scien- 
tifie Paper Presentation Contest in the Produe- 
tion Section at the 1959 annual meeting has 
prompted the establishment of contests in both 
the Production and Manufacturing sections 
for 1960. Each institution may thus have a 
contestant in each contest this year. Graduate 
students should begin making arrangements 
now if they intend to compete. The only re- 
quirements are that they be Student Affiliate 
members and that they submit their papers 
as outlined in the “Call for Papers for the 
1960 Annual Meeting.” Since only one student 
from each department may compete in each 
contest, students should check with their Major 
Professors and Department Heads to deter- 
mine what policy will be followed in select- 
ing their representative. 


How to control 
floating curd 


FLAV-0-LAC 


FLAKES © 


“Numbered blends” have proved suc- 
cessful for plants all over the country. 
Fresh culture every week of high quality 
keeps aroma, smoothness, and flavor 
uniform in fermented milk products. 


re fas Write for details in 


THE DAIRY LABORATORIES 
PHILADELPHIA 3, PA. 


Branches: New York * Washington 


Organization of National Student Branch 


The proposed constitution of a National Stu- 
dent Branch of the A.D.S.A. has been approved 
by over 75% of the Student Chapters. The 
Executive Board of the association has also 
given its approval so that all that remains is 
an affirmative vote of over two-thirds of the 
membership. Anticipating a favorable vote, a 
sub-committee of the Student Affiliate Commit- 
tee under the chairmanship of Professor Paul 
M. Reaves of Virginia Polytechnic Institute is 
working on plans for the first Annual Conven- 
tion. If approval is received this will be held 
during the 1960 Annual Meeting at Utah. Stu- 
dent Chapters should begin making plans to 
send a delegate to this convention. While a 
chapter may authorize a faculty member as 
delegate, it would be more desirable for a stu- 
dent member to participate. Chapters might 
make the provision of travel expenses a special 
project for the year. 


Projects, Consultation, and Production 
Control Services in 
Biochemistry, Chemistry, Bacteriology, Toxi- 
cology—Insecticide Testing and Screening. 


Write for price schedule. 


WISCONSIN ALUMNI RESEARCH 
FOUNDATION 


P.O. Box 2217-X, Madison 1, Wisconsin 


NEW 


DRI-VAC 
CULTURES 


These new Dri-Vac 
Cultures are the result 
of over two years 
research and proving in 
actual plant operations 
on various types of 
cheese and cultured 
dairy products. 


Developed and Manufactured by: 


CHR. HANSEN’S LABORATORY, INC. 


9015 W. Maple St., Milwaukee 14, Wis. 
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ADVERTISERS INDEX 


American Food Laboratories 
American Maize-Products Co. 
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DAIRY INDUSTRY PLANT TRAINING MANUAL 


FOR THE INDIVIDUAL AND THE COMPANY 
TRAINING FOR LEADERSHIP 


Prepared by 


THE PERSONNEL TRAINING MANUAL PREPARATION COMMITTEE 
THE AMERICAN DAIRY SCIENCE ASSOCIATION 

H. B. HENDERSON, University of Georgia, Athens, Georgia, Chairman 

F. C. EwBank, Michigan Milk Producers Association, Imlay City, Michigan 

I. A. GouLpb, The Ohio State University, Columbus, Ohio 

FaRNUM GRAY, Southern Dairies, Charlotte, North Carolina 

H. F. Jupkins, American Dairy Science Association, White Plains, N. Y. 

H. F. WinuiaMs, Carnation Company, Los Angeles, California 


SUMMARY OF CONTENTS 


Section I Objectives and Requirements of the Program 


Section II Training Program Schedules for Plant Operation 


1. Orientation 5. Procurement 
2. Plant operations 6. Sales and distribution 
3. Laboratory 7. Office work 


4+. Engineering and maintenance 


Schedules providing for varying periods of time are provided for the above 
categories for the operation of 


1. Milk plants 4. Cheese plants 
2. Ice cream plants 5. Butter plants 
3. Condensed and dry milk plants 6. Evaporated milk plants 


Many questions are asked for the trainee to answer before passing from one 
phase of training to the next and progress reports and rating forms are provided. 


Section III Management and Development 
1. Developing skills in personnel management 
2. Developing skills in quality control and cost 
Many study projects are outlined which are not only essential to management 
development but may result in savings to the plant that will more than pay 
the cost of training. 


Appendix 
1. List of professional and trade organizations 
2. List of reference books, booklets, and periodicals 


COPIES WILL BE NEEDED BY: 


Plant Managers Plant Trainees 
Plant Supervisors Teachers, for a reference text 


POSTPAID PRICES: 
$4.00 per single copy 
$4.00 per copy, less 10% for 5 to 9 copies, one order 
$4.00 per copy, less 15% for ten or more copies, one order 


Payment to be sent with order 
Ready for distribution December, 1959. It will assist us in deciding on the number of copies 
to print and insure the earliest delivery possible if you will order NOW. 


ORDER FORM 
H. F. Judkins Date. 
32 Ridgeway Circle 
White Plains, N. Y. 


Please find enclosed $____ _ for _______. copies of the Dairy Industry Plant 
Training Manual. Deliver to: 
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PREPARATION OF CALCIUM-SENSITIVE a-CASEIN 


C. A. ZITTLE, J. CERBULIS, L. PEPPER, anp E. S. DELLA MONICA 
Eastern Regional Research Laboratory,’ Philadelphia, Pennsylvania 


SUMMARY 


A relatively simple modification of the method for fractionating whole casein in 
urea solutions is described which gives a calcium-sensitive a-casein. The yield is about 
40% of total a-easein. This casein and a-paracasein precipitate to the same extent with 
CaCl; 10 mM CaCl, per liter at pH 7 is sufficient to precipitate a 1% solution of each 
casein. The two caseins can, however, be distinguished by their initial rates of aggrega- 
tion with lower concentrations of CaCl, (1.5 to 3.5 mM per liter). With low concentra- 
tions of CaCl., whole a-casein aggregates to a greater extent than does calcium-sensitive 
a-casein. The calcium-sensitive a-casein appears to be homogeneous on electrophoresis 
at pH 8.5 and 2.3. Very little (less than 1%) of this casein is made soluble by the 
action of rennin. 


The preparation of calcium-sensitive and calcium-insensitive (kappa) casein 
has been described by Waugh and vonHippel (9). The procedure required an 
ultracentrifuge. The present investigation was begun when a-caseins, prepared 
by different individuals by differential solubility in 4.6 M urea (4), were found 
to differ greatly in their sensitivity to calcium ion. In one instance, the product 
was precipitated almost quantitatively at pH 7.0 with 10 mM CaCl. per liter, 
similarly to a product prepared by the method of Waugh and vonHippel (9). 
In other instances, less than 40% of the a-casein was precipitated when the con- 
centration of CaCle was as much as 200 mM per liter. This paper describes the 
conditions for preparing either product. When the calcium-sensitive a-casein 
is prepared, a fraction rich in the calcium-insensitive a-casein is obtained. The 
method for characterizing the caseins by their quantitative precipitation with 
CaCl]. is deseribed. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Preparation of whole casein. The casein was precipitated from skimmilk 
by acidification to pH 4.5 with NV HCl. The precipitate was washed four times 
with water and twice dissolved and reprecipitated with acid (3). The precipi- 
tated casein was extracted and dried by washing successively with ethanol, 
acetone, and ether. 

Preparation of a-casein. The a-casein, which will be called whole a-casein, 
was prepared from casein by differential precipitation from urea solutions (4). 
As a rule, unpurified acid-precipitated casein, stored in frozen condition, served 
as the starting material. The precipitate was suspended in water, washed several 
times with water, and dissolved in urea solution. The procedure described by 
Hipp et al. (4) was followed. The final removal of the urea from the. casein 
precipitate by washing with water was facilitated by first breaking up the 
sticky precipitate suspended in water in a Waring blendor. The final product 
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was dried with organie solvents in the same manner as the whole casein. As a 
rule, the products obtained by this method, although showing some variation, 
were relatively insensitive to CaCle in the precipitation test described later. 


Preparation of calcium-sensitive a-casein. Use of the above method for 
preparing a-casein led in one instance to a product that was very sensitive to 
CaCl. (90% precipitated with 10 mM CaCl. per liter). The major variation in 
the procedure that led to the calcium-sensitive product was the use of decantation 
instead of centrifugation to separate the a-casein precipitated by diluting the 
6.6 M urea solution with water to 4.6 M urea concentration. This procedure, 
however, did not always give a calcium-sensitive a-casein (2). Caleium-sensi- 
tive products also were occasionally obtained when the precipitate obtained in 
3.3 M urea was kept at 7° for 18 hr. Similarly, the addition of a small amount 
of NaOH (6 ml. of 0.1 N for 150 g. of wet casein) at this stage in the fraction- 
ation sometimes led to a caleium-sensitive product. Caicium-sensitive a-casein 
was regularly obtained, however, with the following simple modification of the 
fractionation in urea solutions (4). One hundred and fifty grams (approximately 
32 ¢. dry weight) of wet casein were fractionated at one time. Following the first 
precipitation (4.6 WM urea), the concentration of NaCl in the 6.6 M urea was 
doubled from the 1.59 g. used by Hipp et al. (4) to 3.18 g. per 150 ml. The 
a-casein was precipitated (A) with 150 ml. of water in the usual way. The part 
remaining in solution was recovered to give a calcium-insensitive fraction for 
future study. The a-casein precipitate (A) was dissolved again in 6.6 M urea 
containing 3.18 g. NaCl per 150 ml. and precipitated again by the addition of 
water. This product was washed free of urea as described for whole casein, 
and extracted with the organic solvents. Yield: 7.5 to 8.0 g. 

Preparation of a-paracasein. The a-paracasein was prepared by the action of 
pepsin on a-casein at pH 6.5 in the presence of 15 mM CaCl. per liter. Solution 
of the calcium-precipitated paracasein was facilitated by the addition of Versene 
equivalent to the calcium present, and the Ca-versenate was eliminated by re- 
precipitation at pH 4.7 and dialysis. Other details of the procedure have been 
deseribed (12). 

Precipitation of caseins with calcium chloride. The degree to which casein 
precipitates w:th calcium chloride is an important property of casein and it is 
desirable to characterize each preparation by its quantitative precipitation with 
a range of CaCly concentrations. A test of this type has been described by 
Nitsehmann et al. (1,6). These authors added CaCls to a 3% solution of casein. 
In the present studies, a 1% solution of casein was used and the test has been 
modified in other minor ways. Each test was performed with several concen- 
trations of CaCle. These were chosen within the range of 2 to 200 mM per liter, 
depending on the expected calcium-sensitivity of the casein under test. The final 
solution contained 1% casein, adjusted to pH 7.0 with NaOH and a known 
concentration of CaCl, in a test volume of 10 ml. The solution was placed in a 
bath for 1 hr. at 30° C., then centrifuged for 10 min. at approximately 3,000 x G 
(International centrifuge, Head No. 233, 15-ml. centrifuge tube, rheostat read- 
ing 40). A portion of the supernatant solution was removed and the casein de- 
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termined by measuring the light absorption at 280 my, after clarifying by adding 
NaOH, or by binding the calcium ion with versene (11). The results obtained 
with several casein preparations are shown in Figure 1. 

Electrophoresis of caseins. Calcium-sensitive caseins had the same mobility 
as the original a-casein at pH 8.6 on electrophoresis by the Tiselius technique. 
Electrophoresis at pH 2.3 (5) provides more information about whole a-casein 
and its fractions. The whole a-casein, prepared by the original urea method of 
Hipp et al. (4), at pH 2.3, shows a major peak with a shoulder on the slow 
side .nd also a small amount (about 5°) of a component with a considerably 
smaller mobility. Electrophoresis of the calcium-sensitive a-casein at pH 2.3 
shows only a single symmetrical peak. 

Rate of aggregation of the caseins with caicium chloride. Although the 
calcium-sensitive a-casein, isolated by the present procedure, and paracasein 
prepared from whole a-casein, both precipitate almost quantitatively with 10 mM 
CaCls per liter (see Figure 1), the two are not identical. Experimentally, the 
two preparations (calcium-sensitive a-casein and a-paracasein) can be dis- 
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Fig. 1. Precipitation of various casein preparations with calcium chloride at pH 7.0. Re- 


sults shown for two whole q-casein preparations show the variation observed with the regular 
procedure. 


tinguished by their sensitivity to low conceatrations of calcium ions (1.5 to 3.5 
mM per liter), and the initial course of their aggregation in the presence of 
calcium ions. Previous spectrophotometric studies (12) have shown that whole 
a-casein in the presence of CaCly will aggregate in a linear manner for more 
than 30 min. Paracasein, on the other hand, aggregates very rapidly in the 
first few minutes, then much more slowly, giving a rectilinear type of curve (12). 
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a-Paracasein, prepared either from whole a-casein or calcium-sensitive a-casein, 
gives a similar type of aggregation curve, although less exaggerated, as shown in 
Figure 2. Also shown in the same figure, calcium-sensitive a-casein gives a 


linear aggregation curve, similar to whole a-casein. 
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Fig. 2. Rate of aggregation of a-paracasein and calcium-sensitive a-casein in the presence 
of calcium ions, measured by the light extinction (E) at 600 mu. The reaction was performed 
in cacodylate buffer, pH 6.3 at 30° (12). @ : a-paracasein with 1.5 mM CaCl per liter; 
O: Calcium-sensitive a-casein with 3.3 mM CaCl. per liter. 


a-Paracasein in the above type of rate experiment is much more sensitive to 
calcium ion concentration than is the calcium-sensitive a-casein. The respective 
concentrations used for the experiment illustrated in Figure 2 are 1.5 and 3.3 
mM CaCle per liter. If these preparations and whole a-casein are all compared at 
pH 6.3 with the same CaCly concentration of 3.3 mW per liter, an extinction of 
0.5 is attained by a-paracasein in 0.5 min., whole a-casein in 10 min., and caleium- 
sensitive a-casein in more than 2 hr. Because of the difference between whole 
a-casein and calcium-sensitive a-casein, just the reverse of that expected from 
precipitation experiments, aggregation experiments were done with both caseins 
with 3 to 6 mM CaCl. per liter at pH 7.2. Since the aggregate obtained with 
whole a-casein is stable, the ultracentrifuge was used (45 min. at 105,000 x G) 
to sediment the aggregates. Neither casein aggregated at this pH (7.2) and 
temperature (25° C.) with 3 mM CaCle per liter (at a higher temperature only 
the whole a-casein became opalescent) ; with 4 mW oniy 10% of sediment was 
obtained with the calcium-sensitive a-casein, whereas 22% of sediment was ob- 
tained with the whole a-casein. The sedimentation curves crossed between 5.5 
and 6.0 mM, and at 6 mM the respective amounts of sediment were 71 and 63% 


of the total casein. 
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The heat-induced increase in the calcium ion aggregation of calcium-sensitive 
a-casein at lower temperature shows the same type of reversal of aggregation as 
whole a-casein (10); that is, the higher the initial temperature, the greater the 
decrease in aggregation on going to a lower temperature. Paracaseins in a similar 
test reverse very little. 

Other properties of caleiun «nsitive a-casein. The preparations of caleium- 
sensitive a-casein obtained by the present procedure regularly contained more 
phosphorus than whole a-casein. The analysis of a calcium-sensitive preparation 
was as follows (all on moisture-free basis): P, 1.08% ; N, 15.16% ; ash, 4.31%. 

The various casein preparations were also characterized by the amount that 
remained soluble when the solution was adjusted to pH 4.7 after rennin had 
acted on the casein at pH 6.4. The procedure employed and the results have 
been described (2). The net increase in the soluble portion of whole a-casein 
was 2.8 to 3.5%, whereas for the calcium-sensitive a-casein, it was only 0.64 to 
0.80%. 

DISCUSSION 

The method just described gives a calcium-sensitive a-casein in relatively 
good yield, by a simple modification of the frequently used fractionation of 
whole casein in urea solutions. Further, the effectiveness of the additional NaCl 
in separating the calecium-sensitive and calcium-insensitive fractions of a-casein 
suggests that the interaction between these components, at least in part, is due 
to interaction of electrical charge on the proteins. Increasing the concentration 
of the salt ion in the environment will reduce such an interaction. 

The calcium chloride precipitation test described herein provides a useful 
characterization for each preparation of whole casein and a-casein. In view of 
the contribution of the stabilizing fraction to the stability in the presence of 
calcium ions, it is not surprising that there is some variation in precipitation 
with CaCl, from one preparation of casein to another. The CaCl, test can provide 
an important characterization for each preparation until the time when a method 
is available for determining the calcium-stabilizing a-casein content of each 
sample of milk or preparation of casein. This is even more true of the whole 
a-casein preparations, since the present study shows that fractionation in urea 
solutions is sensitive to minor variations in the procedure. If the procedure 
is standardized, the product will be of constant properties and presumably con- 
stant composition, but it is recommended that the CaCls. test be performed for 
confirmation. 

The phosphorus content for calcium-sensitive casein obtained in the present 
study is about the same as the 1.1% reported by Waugh (8) for a,-casein, @ 
caleium-sensitive casein. In the present study, casein made by the procedure of 
Waugh and vonHippel (9) precipitated with CaClo in the same way as the 
caleium-sensitive casein illustrated in Figure 1. McMeekin et al. (5) have shown 
that a calcium-sensitive casein with about the same phosphorus content and 
apparently homogeneous on electrophoresis at pH 2.35 could be fractionated 
in ammonium sulfate solutions to give a product containing 0.85% phosphorus 
(a;-casein) and a fraction correspondingly richer in phosphorus. 
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The amount of casein becoming soluble when it is acted on by rennin can 
serve to guide the separation of calcium-sensitive and calcium-insensitive 
products. The former gives very little material soluble with rennin, whereas 
the latter containing the stabilizing fraction gives a considerable amount. Wake 
(7) reported that none of a purified preparation of calcium-sensitive casein 
became soluble when acted on by rennin. The method for preparing this casein 
was not deseribed. The small amount becoming soluble in the present study may 
be due to contamination with the stabilizing fraction. This seems unlikely, since 
the casein was reprecipitated in urea under conditions for separating the stabi- 
lizing fraction and the product still gave about the same amount soluble with 
rennin, An alternative explanation may be that in the rennin test some nonspecific 
proteolysis may have occurred, not related to the role of the stabilizing fraction in 
clotting. 

The greater amount of aggregate obtained with whole a-casein at low calcium 
chloride concentrations (about 4 mM per liter at pH 7.2) than with caleium- 
sensitive a-casein is an interesting phenomenon. When aggregates are obtained 
with the latter, they coagulate and settle, whereas the former are stable colloids. 
The explanation for the differences noted is not apparent, but the caleium- 
sensitive a-casein may bind more calcium ion per unit weight than the whole 
a-casein and only when saturated with calcium ion is the unstable aggregate 


formed. 
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T. L. FORSTER, H. A. BENDIXEN, ann M. W. MONTGOMERY 
Department of Dairy Science, State University of Washington, Pullman 


SUMMARY 


The influence of different concentrations of the organophosphorus enzyme inhibitors, 
N,N’-diisopropyl phosphorodiamidofluoridate, diethyl p-nitrophenyl thiophosphate, diiso- 
propyl fluorophosphate, and tetraethyl pyrophosphate on the activity of milk enzymes 
toward phenyl acetate, phenyl propionate, tributyrin, benzyl butyrate, and the butyryl and 
stearoyl esters of 2-naphthol-6-SO,Na was studied, using Warburg manometric tech- 
niques at pH 8.0 and 37° C. Raw mixed milk served as the enzyme source. 

Three distinct esterases or esterase systems were evident. One was responsible for 
about 95% of the activity of the milk enzymes toward tributyrin, benzyl butyrate, and 
the butyryl and stearoyl esters of 2-naphthol-6-SO,Na, the second for 60 to 70% of their 
activity toward phenyl propionate, and the third for about 50% of their activity toward 
phenyl acetate. Each of these esterases appeared to hydrolyze one or more of the other 
substrates. A probable classification of these enzymes is outlined. 


Evidence which has been accumulating for several years indicates that the 
hydrolysis of milk fat, as it naturally occurs in milk, results from the activity 
of more than one enzyme (1, 10, 12-15, 24, 26, 27). To date, however, no clear- 
cut means of differentiating such esterases have been presented. Consequently, 
no method of assay for individual] esterases has been available. Montoure et ai. 
(18) did report the presence of a cholinesterase in colostrum, but did not estab- 
lish that this enzyme was commonly present in normal milk. This cholinester- 
ase was shown to hydrolyze tributyrin at an appreciable rate. 

Substantial progress has been made in the differentiation of lipases, esterases, 
and cholinesterases of pancreas, blood, and other body tissues and fluids of a 
number of animal species (2-6, 16, 17, 19-22). This progress has been made 
possible, largely, by the use of a number of organophosphorus enzyme irhibitors 
and a variety of pure esters. The procedure most commonly followed has been 
to compare the enzyme action of the tissue or fluid under study on different esters, 
after incubation with definite concentrations of a specific organophosphorus 
inhibitor for a specified time. Thus, it has been possible to recognize individual 
esterases on the basis of their sensitivity to, or tolerance of, different inhibitors 
and their specificity toward different esters. 

The authors believed that these procedures might be useful also in differ- 
entiating the lipases and esterases of milk involved in milk fat hydrolysis. They 
believed that if some basis could be found for identifying or differentiating 
even one or two of the enzymes involved, methods could then be worked out to 
study other properties of such enzymes. A knowledge of the major properties of 
an individual esterase might then make it possible to determine its role in milk 
fat hydrolysis and rancid flavor development. To this end the work described 
below was undertaken. 
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While this work was in progress, Augustinsson (7), in a preliminary report, 
showed that the plasma of vertebrates, in general, contains three types of esterases : 
A-esterases (arylesterases), B-esterases (aliphatic esterases, ali-esterases, or 
lipases), and C-esterases (cholinesterases). Later, Augustinsson and Olsson 
(8, 9), in a more detailed report on the esterases of swine plasma and milk, 
showed that the C-esterase was the only one of these enzymes present in im- 
portant amounts in swine milk, though traces of the other two also were present. 


EXPERIMENTAL METHODS 


Collection and care of milk samples. Samples were obtained from individual 
tanks (100-gal.) of well-mixed raw milk from the College herd. They were 
brought to the laboratory within a few minutes after collection, divided into 
the needed number of portions, gassed with nitrogen for 20 min. (11) while 
standing in a bath of ice water, sealed in an atmosphere of nitrogen, and stored 
for no longer than 6 to 8 hr. in a refrigerator (0-5° C.) until needed. Amber- 
glass Pyrex bottles were used for collection and storage of samples. Vat samples 
were chosen for this work, so that individual cow variations would be largely 
eliminated and samples would represent milk from quite a number of cows. It 
was realized, however, that some loss in esterase activity might have occurred 
prior to collection and gassing. 

Substrates. Substrates used in this work were phenyl acetate, phenyl pro- 
pionate, and phenyl butyrate, the butyryl and stearoyl esters of 2-naphthol-6- 
SO,Na (all synthesized in this laboratory), benzyl butyrate (Givaudan-Dela- 
wanna, Ine.), and tri-n-butyrin ( Eastman ). Final concentration of these substrates 
in the reaction mixtures was 0.006 W for the two esters of 2-naphthol-6-SO;Na 
and 0.1 M for the others. During the early part of this work, substrates were 
prepared in the form of 1.0 M emulsions in 16% (w/v) Triton X-100 (Rohm & 
Haas), with the exception of the esters of 2-naphthol-6-SO;Na. The latter were 
prepared as 0.06 VM solutions in the same concentration of Triton X-100. Later, 
it was found possible to prepare more stable emulsions in 3% (w/v) Triton 
X-155. This material was used in preparing substrate emulsions for most of the 
work reported below. 

Inhibitors. Inhibitors used were diethyl p-nitrophenyl thiophosphate (Para- 
thion, Monsanto), N,N’-diisopropyl phosphorodiamidofluoridate (Isopestox, 
Fisons Pest Control, Ltd.), diisopropyl fluorophosphate (DFP, Ealing Corp.), 
and tetraethyl pyrophosphate (TEPP, Bios Laboratories). Some of these in- 
hibitors (Parathion and DFP) were not soluble at the higher concentrations re- 
quired ; hence, all were prepared as solutions or emulsions in 1% (w/v) Triton 
X-100. Inhibitors were in contact with the milk, at the desired concentration, for 
30 to 50 min. before tipping in the substrate. 

Measurement of esterase activity. Esterase activity was measured manomet- 
rically, using Warburg techniques, in a manner similar to that described by 
Nachmansohn and Rothenberg (23). The main compartment of the Warburg 
flask contained 1.0 ml. milk, 1.5 ml. NaHCO; buffer, and 1.0 ml. of either water, 
1% (w/v) Triton X-100, or inhibitor solution (whichever was dictated by the 
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experiment) ; 0.4 ml. of substrate emulsion and 0.1 ml. NaHCO, were placed 
in the side arm. Flasks were gassed 10 min. with a mixture of 5% COs and 
95% Ne and equilibrated for at least 10 min. The contents of the side arm were 
tipped into the main compartment at zero-time. Thus, the total fluid volume was 
4.0 ml. Final pH was 8.0, caleulated from the Henderson-Hasselback equation 
(28), except in those trials where the influence of pH was being investigated. 
Incubation was for 30 or 60 min., with readings at 10- or 20-min. intervals, re- 
spectively. Suitable blanks, containing heated (75 + 5° C. for 10 min.) milk, 
were provided at all times to correct for nonenzymatic hydrolysis of the substrates 
and a slight tipping error. A number of trials with different samples of unheated 
milk, without added substrate or inhibitor, resulted in negligible blank values ; 
therefore, hydrolysis of the milk fat was disregarded. All observations were made 
in duplicate. 

Randomization. The order in which the various treatments (inhibitor concen- 
trations) were assigned to flasks for each individual run of the Warburg was 
randomized, as was also the order in which the substrates were tested on any given 
day. In those experiments where two or more inhibitors were under comparative 
study, the order in which they were used also was randomized. 

Calculation of results. Duplicate blank values were averaged and these 
averages subtracted from the appropriate individual duplicate values, to arrive 
at duplicate net activity values. These latter values for the controls (contain- 
ing no inhibitor) were averaged and from the averages so obtained were sub- 
tracted the net activity values for the various levels of inhibitor. This procedure 
gave duplicate values for net inhibited activity for each inhibitor concentration— 
substrate combination. These values were then expressed as percentage of the 
appropriate controls. In this manner, duplicate per cent inhibition values were 
arrived at for each combination of substrate, inhibitor, inhibitor concentration, 
and milk sample. 

RESULTS 

Preliminary experiments with Parathion showed substantially greater in- 
hibition of esterase activity when phenyl butyrate served as substrate than 
when benzyl butyrate, tributyrin, or the butyryl or stearoyls esters of 2-naphthol-6- 
SO:Na were used. Parathion at concentrations of 10-°, 10-4, and M inhib- 
ited the activity toward phenyl butyrate 55, 81, and 95%, respectively. These 
same concentrations of Parathion produced no more than 4, 19, and 81% in- 
hibition, respectively, with any of the other substrates. 

Isopoestox, at concentrations ranging from 10°‘ to 10° M, was then tested, 
using the substrates mentioned in the preceding paragraph. This compound in- 
hibited 75% of the phenyl butyrate activity at 10°* W concentration; whereas, no 
more than 5% of the activity toward any of the other substrates was inhibited. 
A somewhat disconcerting observation from this work was that at 10-* W coneen- 
tration of Isopestox, inhibition of the activity toward phenyl butyrate dropped 
to 44%. This phenomenon was studied in more detail in later work. It was found 
that 10° MW Isopestox resulted in even less inhibition toward phenyl butyrate. 
When benzyl butyrate, tributyrin, and the stearoyl ester of 2-naphthol-6-SO,Na 
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were tested with 10°? M Isopestox, activation rather than inhibition resulted. 
In the case of the butyryl ester of 2-naphthol-6-SO,;Na, which was in complete 
solution, 10°? M Isopestox produced about 3% inhibition. 

A brief study was made of the influence of pH on the activity of the enzyme- 
hydrolyzing phenyl butyrate and inhibited by 10°° M Parathion. The activity 
increased steadily from pH 6.0 to 8.0. The maximum upper limit of usefulness 
of the Warburg Method is pH 8.0. 

The activity of this Parathion-sensitive (10° M) enzyme toward phenyl 
butyrate, phenyl propionate, and phenyl acetate was then compared at pH 8.0. 
It was found that the enzyme hydrolyzed the propionate about twice as fast as 
the butyrate, whereas it hydrolyzed the acetate more slowly. During the course 
of this experiment, however, total hydrolysis of phenyl acetate in the controls 
was five times that of the phenyl butyrate and more than twice that of the phenyl 
propionate. 

During preliminary trials, in which DFP and TEPP were tested at concen- 
trations from 10° to 10° M with phenyl acetate, phenyl propionate, benzyl 
butyrate, tributyrin, and the butyryl and stearoy! esters of 2-naphthol-6-SO,Na 
serving as substrates, it became apparent that phenyl acetate showed a differ- 
ent inhibition pattern from any of the others. Even the highest inhibitor con- 
concentration (10° WM) produced, on the average, less than 10% inhibition of the 
activity toward phenyl acetate. This same inhibitor concentration was sufficient 
to inhibit 80 to 90% of the activity toward benzyl butyrate, tributyrin, and the 
butyryl and stearoy! esters of 2-naphthol-6-SO,Na, and about 95% of the activity 
toward phenyl propionate. On the other hand, 10°° M concentrations of either 
DFP or TEPP inhibited 60 to 70% of the activity toward phenyl propionate, 
while showing less than 10% inhibition toward all of the other substrates. 

This preliminary work led to a more comprehensive experiment, extending 
over several months. In this experiment, the inhibitory action of Isopestox, 
Parathion, DFP, and TEPP at concentrations from 10° to 10° M were com- 
pared, using only the three substrates, tributyrin, phenyl propionate, and phenyl 
acetate. The work involved precluded the testing of all inhibitors at all concen- 
trations on the three substrates, using a single sample of milk. Consequently, 
sample variation may have introduced some error. 

Table 1 presents a summary of the work of this experiment. The average 
values for per cent inhibition reported in this table are directly comparable 
horizontally, since the same samples of milk and the same inhibitor preparations 
were used. Sample variation, mentioned in the previous paragraph, may be 
responsible for a small part of the differences evident upon vertical comparison. 
A total of 84 different samples was involved in this experiment. The standard 
error for each average per cent inhibition value shown in the table was calcu- 
lated (N = 2 X No. of samples) and is also presented, so that the significance of 
the per cent inhibition values may be readily assessed. Figures 1, 2, and 3 present 
graphically the per cent inhibition values shown in Table 1. The very marked 
differences between inhibitors, inhibitor concentrations, and substrates are more 
readily visualized by reference to these figures. 
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TABLE 1 
Average percentage inhibition of activity of milk toward tributryrin, phenyl propionate, 
and phenyl acetate after exposure to 10% to 10° M concentrations of 
Isopestox, Parathion, DFP, or TEPP for 30 minutes 


Substrate 
Tributyrin Phenyl propionate Phenyl! acetate 
No. of 
Inhibitor plI* — samples Jo S.E. % S.E. % S.E. 
Tsopestox 7 8 0.4 0.8 4.0 2.2 —0.7 1.6 
6 8 1.4 0.8 8.7 2.6 0.7 1.9 
5 8 0.9 1.2 23.8 2.4 4.9 iz 
4 8 2.7 1.3 52.8 3.4 10.7 1.5 
3 13 1.0 0.8 52.8 2.3 2.6 1.8 
2 5 pif 3.1 21.1 2.3 ia 2.8 
Parathion 7 8 0.7 1.2 2.8 4.5 —O7 1.6 
6 8 0.8 0.9 13.5 3.3 1.4 pe | 
5 8 2.8 0.9 39.0 3.0 5.1 1.9 
4 8 13.1 1.1 67.8 2.5 8.8 1.3 
3 13 66.4 id 80.9 2.2 14.8 1.6 
2 5 99.3 0.9 82.5 4.3 21.3 3.5 
DFP 7 8 2.3 0.6 57.7 2.8 7.3 1.6 
6 8 2.2 0.7 70.6 2.5 7.4 1.9 
5 8 3.3 0.7 73.0 2.3 9.7 1.4 
4 8 16.0 1.1 75.6 3.5 7.6 1.4 
3 13 73.5 1.8 78.5 2.0 10.6 0.9 
2 5 98.4 0.8 67.1 5.0 22.5 3.3 
TEPP 7 8 1.6 1.0 62.1 2.3 6.4 1.6 
6 8 2.0 0.9 72.6 2.8 11.5 17 
5 8 4.4 0.7 70.8 2.2 10.8 0.9 
4 8 22. 1.9 73.8 2.5 14.5 1.6 
3 13 84.9 2.0 71.8 2.7 6.0 1.2 
2 5 90.3 0.9 40.5 6.4 —0.4 2.6 


*pI = negative logarithm of molar inhibitor concentration. 


DISCUSSION 


The preliminary experiments with Parathion and Isopestox established that 
one of the esterases in milk was responsible for a large part (70%) of the ac- 
tivity toward phenyl butyrate. Furthermore, the results indicated that this 
enzyme was relatively inactive toward benzyl butyrate, tributyrin, and the 
butyryl and stearoyl esters of 2-naphthol-6-SO,Na. It was also established in 
the preliminary work that this esterase hydrolyzed phenyl propionate more 
rapidly than phenyl butyrate or phenyl acetate. 

Following completion of the preliminary work with DFP and TEPP it was 
apparent that milk contained at least three esterases. One was responsible for 
most of the hydrolysis of tributyrin, benzyl butyrate, and the butyryl and stearoy]l 
esters of 2-naphthol-6-SO,Na, and was inhibited by higher concentrations of 
Parathion, DFP, and TEPP, but not by Isopestox. The second was active toward 
phenyl propionate and was readily inhibited by the organophosphorus com- 
pounds. The third esterase was largely responsible for the hydrolysis of phenyl 
acetate and was resistant to all the inhibitors tested. 

The existence of these three esterases is clearly evident from an examination 
of the curves shown in Figures 1, 2, and 3. Figure 1, for instance, shows that 
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Fig. 1. Influence of inhibitor and inhibitor coneentration on inhibition of activity of milk 
toward tributyrin. pI = negative logarithm of molar inhibitor concentration. 


Isopestox, even in relatively high concentration (10-7 MW), inhibited only 2-3% 
of the activity toward tributyrin. This same concentration of the three other 
inhibitors resulted in almost complete inhibition. However, these three inhibitors 
(Parathion, Isopestox, and DFP) did not inhibit appreciably until concentra- 
tions of 10°* M or higher were used. Below the latter concentration they in- 
hibited to about the same extent as did Isopestox. When pheny! propionate served 
as the substrate, a concentration of 10°* M Isopestox was sufficient to cause over 
50% inhibition (Figure 2). Low concentrations (10°* to 10° WM) of DFP and 
TEPP resulted in 60 to 70% inhibition toward phenyl propionate, but even the 
highest concentration of Parathion (10°? M) only slightly exceeded 80% inhi- 
bition. The remaining activity (about 20%) toward phenyl propionate was due, 
no doubt, to the enzyme responsible for about 80% of the activity of milk toward 
phenyl acetate (Figure 3). 

The peculiar downward trend in the curves for Isopestox and TEPP at the 
higher concentrations in Figures 2 and 3 must have some logical explanation. 
Limited evidence suggests that these compounds, in relatively high concentrations, 
appreciably increase the solubility of the substrates. This results in a higher 


: 00 

4 e—— ISOPESTOX 

x—-— PARATHION 

e----- DFP | 

BO *—--— TEPP | 

50 

i 

i 

j 
3 pl 


ESTERASES IN COWS’ MILK 1906 


y T T T T T T 
90F 
70r 
cob 

— 


2 


Fig. 2. Influence of inhibitor and inhibitor concentration on inhibition of activity of milk 
toward phenyl propionate. pI = negative logarithm of molar inhibitor concentration. 


effective substrate concentration and greater activity on the part of the phenyl 
acetate enzyme, which is not inhibited by these compounds. 

Richter and Croft (25), Aldridge (3, 4,5) and, more recently, Augustinsson 
(7) and Augustinsson and Olsson (8, 9) have classified the esterases of blood 
plasma. The latter investigators have applied this classification to sows’ milk. 
Using the system suggested by these authors, the esterases identified in this work 
may be classified as follows: 

(1) A-esterase (arylesterase) : The enzyme of milk responsible for the major 
portion (70-80% ) of the activity toward phenyl acetate (Fiure 3) unquestion- 
ably belongs to this class. It showed practically no activity toward tributyrin but 
did hydrolyze phenyl propionate slowly. It was remarkably resistant to the 
organophosphorus inhibitors used in this study. 

(2) B-esterase (aliphatic esterase, ali-esterase, lipase): The esterase hydro- 
lyzing tributyrin (Figure 1) appears to belong in this class. Examination of 
Figures 2 and 3 suggests that this enzyme does hydrolyze phenyl propionate and 
acetate slowly. The preliminary experiments, described earlier in this report, 
indicate that most of the activity of milk toward benzyl butyrate and the butyryl 
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Fig. 3. Influence of inhibitor and inhibitor concentration on inhibition of activity of milk 
toward phenyl acetate. pI = negative logarithm of molar inhibitor concentration. 


and stearoyl esters of 2-naphthol-6-SO,;Na could be attributed to this enzyme. 
Other data, not presented here, show that hydrolysis of the methyl esters of 
n-fatty acids by milk also is due to this enzyme. It will tolerate up to 10° M 
Parathion, DFP, and TEPP, but higher concentrations inhibit. Isopestox, up 
to a concentration of 10-* M, is without effect on this enzyme. 


(3) C-esterase (cholinesterase): The enzyme of milk responsible for about 
70% of its activity toward phenyl propionate (Figure 2), 10% of its activity 
toward phenyl acetate (Figure 3), and 3% of its activity toward tributyrin 
(Figure 1) may belong to this class. Additional work will be required to de- 
termine whether this is a cholinesterase and whether it is the same enzyme as 
that found in cows’ colostrum by Montoure ef al. (18). 


Each of the above-mentioned enzymes (or groups of enzymes) can be assayed 
for independently, by varying the inhibitor concentration and substrate. The 
A-esterase can be estimated by using phenyl acetate as substrate in the presence 
of 10° M Parathion. On the other hand, the B-esterase will be measured if tri- 
butyrin serves as the substrate and the assay is carried out in the presence of 
10° M DFP or TEPP. Finally, the C-esterase may be assayed for by using 
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phenyl propionate as substrate. This assay, however, is slightly more complicated, 
because all three enzymes hydrolyze this substrate to some extent. In this in- 
stance, one must determine the activity in the absence of inhibitor and, simul- 
taneously, in the presence of 10°° WM DFP or TEPP. The difference between these 
two values, i.e., the inhibited activity, respresents the activity contributed by the 
C-esterase. 

One might speculate at length on the role of these enzymes in the develop- 
ment of rancid flavor in dairy produets and in the synthesis of milk within the 
udder. It would be more appropriate, however, to withhold such speculation 
until more facts are available. In this connection, two distinctly different avenues 
of research present themselves. The first is a study of the factors influencing the. 
concentration of each of these esterases in milk and the relationship of spon- 
taneous rancidity to the concentration of each. A second approach is concentra- 
tion and purification of each esterase, followed by a detaile: study of the 
physical and chemical properties of each and of the reactions catalyzed by each. 
Both of these lines of research are presently under way in this laboratory. 
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TOTAL MONOGLYCERIDE CONTENT OF SOME DAIRY PRODUCTS 


R. G. JENSEN, G. W. GANDER, anp A. H. DUTHIE 
Department of Animal Industries, Storrs Agricultural Experiment Station, Storrs, Connecticut 


SUMMARY 


The average total monoglyceride contents of several dairy products reported as 
mM/100 g. of fat were: fresh, raw milk—0.077; pasteurized whole milk—0.145; homoge- 
nized milk—0.206; 40% cream—0.119; butter—0.189; and Blue cheese—0.354. Some 
of the implications of the monoglyceride content of dairy products are discussed. 


Monoglycerides have been shown to lower the surface tension of milk (2) 
and to depress the foaming of skimmilk (1). They are added to ice cream mix 
as emulsifiers. Monoglycerides are known to be present in lipolyzed milk (5, 6), 
but as vet no report has appeared on the content of these surface-active com- 
pounds in normal milk and other dairy products. This information is reported 
in the present paper. 

EXPERIMENTAL PROCEDURE 


In general, the estimation and extraction procedures for milk and cream 
were those previously deseribed for lipolyzed milk (6), except that the quantities 
of silicie acid and chloroform were increased proportionately in relation to the 
size of the sample. Some further modifications were necessary for the other dairy 
products. It was found that when relatively fresh products were analyzed, a 2-¢. 
sample of fat was required. When products other than milk or cream were ex- 
tracted, the silica-gel was prepared in such a way as to approximate the extrac- 
tion conditions for milk. In effect, the products were reconstituted so that the 
sample on the column had the fat-water relationship of whole milk. 

Milk. Fifty milliliters were extracted as previously described and the solvent 
was removed. The fat was rinsed with chloroform into a tared 100-ml. evapo- 
rating flask, the solvent removed by a flash evaporator, the flask placed in a 
vacuum desiceator overnight, and then reweighed. The fat was quantitatively 
transferred to a 10-ml. volumetric flask with chloroform and the monoglycerides 
estimated as previously described (5). It was noted that if more than 2.5 g. 
of fat were placed in the flask, some of the fat would separate and rise to the 
top during the subsequent analysis. Successful estimation of monoglycerides 
depends upon the maintenance of a single phase during the test. 

Butter. About 2.0 g. were weighed on a watch glass and then scraped and 
rinsed with 90% chloroform—10% ethanol eluting solvent into a casserole con- 
taining prepared silica-gel. The silica-gel was prepared by adding enough 
silicic acid to 45 ml. of water to make a free running powder. After extraction 
the fat was treated as deseribed for milk. 

Blue cheese. About 1.0 g. was weighed on a watch glass, scraped and rinsed 
into a casserole containing about 10 g. of dry silicic acid, and ground. Silica- 
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gel, prepared as for butter, was mixed with the ground cheese, and extraction and 
estimation proceeded as described above. 

Cream. A volume of sample was extracted which contained about 2.0 g. of fat. 
Recoveries of monoglycerides from butter, Blue cheese, or cream were not de- 
termined. Since these samples were reconstituted to resemble milk, the recovery 
of monoglycerides from these products should be quantitative (4). 

The fresh, uncooled milk samples were extracted within 1 hr. after they 
were obtained from individual animals in the Department herd. The butter 
samples were obtained from retail outlets and were scored by two judges. The 
pasteurized and homogenized milk and some of the cream samples were obtained 
from the Department plant. The rest of the cream samples were taken from a 
bulk commercial source and were of unknown age. The Blue cheese samples 
were purchased from a retail outlet. 

The fat from several fresh raw milk samples was saponified, the glycerol 
removed by silicic acid column treatment (6), and the resultant fatty acids and 
nonsaponifiable material analyzed for monoglycerides. This was done to confirm 
the presence of monoglycerides in the fresh raw samples, since saponification 
would completely remove monoglycerides detectable by the method used (6). 


RESULTS AND DISCUSSION 


The monoglyceride contents of the various products analyzed are presented 
in Table 1. The data show considerable differences in content which perhaps 
ean be largely explained by the origin and history of the samples. The fresh 
raw samples were obtained from the University herd and were extracted as 
rapidly as possible. Since the extraction treatment inactivates lipase, it is be- 
lieved that the monoglycerides found represent approximately the amount in 


TABLE 1 
Total monoglyceride content of various dairy products 


Pasteurized Homogenized 


Fresh raw milk whole milk milk 40% Cream Butter Blue cheese 
(mM/100 g. fat) 
0.09 0.16 0.28 0.17 0.12 0.47 
0.07 0.16 0.23 1.13* 0.09 0.44 
0.06 0.18 0.15 0.08 0.10 0.34 
0.07 0.17 0.19 0.15 0.18 0.13 
0.06 0.15 0.18 0.10 0.14 0.39 
0.09 0.14 0.09 0.12 
0.10 0.16 0.09 0.16 
0.05 0.13 0.15 0.19 
0.09 0.19 0.29 
0.06 0.06 0.25 
0.07 0.10 0.78 
0.12 0.11 
0.08 0.19 
0.07 0.12 
0.09 0.18 
0.17 
0.12 
0.12 
0.16 
Av. 0.078 0.145 0.206 0.119 0.189 0.354 


“Omitted from the average because of age and a rancid flavor. 
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the milk as obtained from the udder. Further evidence in support of this premise 
is the removal of the monoglycerides by saponification. The small amount 
present indicates either that some lipolysis had occurred previous to sampling 
or to extraction or that fat synthesis was incomplete. The amounts of mono- 
glyceride in the fresh raw samples represent the minimum concentrations that 
can be estimated with accuracy using the method, since if more than 25% fat 
is dissolved in chloroform for the analysis, a single-phase system can not be 
maintained during the test. The accuracy at the 0.1 mV level is high, because 
added monoglycerides at this level were recovered quantitatively (4). By com- 
parison, very rancid milk may contain up to 2.0 mM of monoglyceride per 100 g. 
of fat. 

The pasteurized whole and homogenized milk samples were not related to 
the fresh whole samples or to each other. They were taken from the Department 
plant after processing, bottling, and cold storage. The larger quantities of niono- 
glycerides found in these products are undoubtedly the result of lipolysis which 
occurred prior to pasteurization. Almost all the milk used by the Department 
is obtained with the use of pipeline milkers and bulk tanks and is subject to the 
usual delays. Thus, there were many opportunities for lipolysis to oeeur. The 
milk in these samples was from one to four days old when analyzed. Since 0.2 
mM of monoglyceride added to milk caused a reduction in surface tension (2), 
some of the variations in surface tension at constant temperature noted by 
Watson (7) may have been due to the presence of monoglycerides in the samples. 


The heavy cream samples were taken from a bulk supply of unknown age 
and history and from freshly separated and pasteurized cream. They have no 
relationship to the other samples. The sample with the relatively high mono- 
glyceride content came from the former source. Since this sample was rancid 
organoleptically and was at least six days old when sampled, it was omitted 
when the heavy cream average was obtained. It is possible that puzzling varia- 
tions in the whippability of heavy cream may be due to varying concentrations 
of monoglycerides, as shown in Table 1. However, a few preliminary trials 
indicated little relationship between creams of near-average monoglyceride con- 
tent and whipping time. It is evident that this facet needs further exploration, 
perhaps utilizing additions of purified commercial monoglycerides. 

Three samples of butter contained relatively large amounts of monoglyceride. 
These samples were given low flavor scores due to a pronounced old-cream flavor 
defect. It is possible that the test for monoglycerides could be used for the 
detection of butter made from lipolyzed cream in a manner similar to the WIA 
test. Diacetyl and 2,3-butylene glycol, which may be present in butter, do not 
interfere (3). Monoglycerides in cream undoubtedly influence churning and 
probably the body of butter. They are added to margarine as emulsifiers to 
prevent leakiness and should have the same effect in butter. 

Mold-ripened cheese contained comparatively large amounts of monoglyceride, 
which may have some influence on the flavor of Blue and similar cheeses. 

It appears that milk and milk products may contain monoglycerides that 
are most likely the result of lipolysis. Since monoglycerides are surface-active, 
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some of the variations in surface and interfacial properties of milk may be 
explained in terms of these compounds (1, 2). 
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INHIBITION OF CERTAIN TYPES OF BACTERIAL SPOILAGE IN 
CREAMED COTTAGE CHEESE BY THE USE OF A CREAMING 
MIXTURE PREPARED WITH STREPTOCOCCUS CITROVORUS ' 


D. W. MATHER? anp F. J. BABEL 
Dairy Department, Purdue University, Lafayette, Indiana 


SUMMARY 


A special creaming mixture consisting of 1.5 parts of cream containing 20% fat and 
1.0 part of an acidified culture of Streptococcus citrovorus (Leuconostoc citrovorum), by 
weight, prevented slime formation on creamed cottage cheese inoculated with Pseudomonas 
fragi or Pseudomonas putrefaciens. The biacetyl content of regularly creamed cottage 
cheese was decreased by P. fragi and P. putrefaciens, but these organisms did not decrease 
the biacetyl content of the specially creamed cottage cheese. Coliform organisms also 
were inhibited in cottage cheese creamed with the special creaming mixture, but Geo- 
trichum candidum and Candida pseudotropicalis were not inhibited. 

The addition of acetic or propionic acid to creamed cottage cheese delayed the forma- 
tion of slime by P. fragi, and the delay was related to the amount of acid added. However, 
relatively large amounts of acetic or propionic acid did not entirely eliminate slime forma- 
tion and the addition of these acids was not as effective as the special creaming mixture. 
Therefore, the volatile acids formed by S. citrovorus in the special creaming mixture are 
not considered to be the cause of inhibition of P. fragi. 

Cottage cheese creamed with the special creaming mixture always had a slightly lower 
pH than cheese creamed with a regular creaming mixture. Adjusting the pH of the 
regular creaming mixture to the same pH as the special creaming mixture (pH 5.2) did 
not delay the rate of slime formation by P. fragi. Therefore, some factor other than the 
pH. was responsible for the inhibition. 


Creamed cottage cheese is a rather perishable product because of its ability 
to support the growth of many microorganisms under the usual conditions of 
storage. Those microorganisms considered as contaminants, and which gain 
access to the pasteurized skimmilk used in manufacture or to the curd during 
manufacture, creaming, and packaging, are an important cause of deterioration. 

Considerable research has been conducted for improving the keeping quality 
of ereamed cottage cheese. The microorganisms associated with certain defects 
have been classified (3, 4, 11) and the effect of pH (2, 4, 11), salt (2, 11), and 
temperature (2, 4, 6) on their rate of growth has been determined. Since organisms 
capable of causing spoilage may be derived from equipment (9, 14) or the water 
supply (6, 11), studies have been conducted on the elimination of them from these 
sources by application of bactericides (2, 5, 14). ‘ 

Mather and Babel (10) developed a method for standardizing the biacetyl 
content of creamed cottage cheese. Experiments with this method indicated that 
cottage cheese creamed with a crear‘iag mixture prepared with Streptococcus 
citrovorus (Leuconostoc cifrovorum) had better keeping quality than cottage 
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cheese creamed in the regular manner. The study reported here was conducted 
to substantiate this observation. 


METHODS 


Biacetyl and acetylmethylearbinol. The colorimetric method of Prill and 
Hammer (12) was used for determining biacetyl and also acetylmethylearbinol. 
Color intensity was measured with a Beckman spectrophotometer (Model B) at 
a wave length of 480 my. Dimethylglyoximate was used in constructing the 
standard curve. 

Determination of pH. Cheese samples were prepared and tested by the method 
of Sanders (13). A Leeds and Northrup Type K potentiometer fitted with a quin- 
hydrone electrode and saturated calomel cell was used for all pH measurements 
on cheese. A Beckman Laboratory Model G pH meter was used to adjust the 
pH of the special creaming mixtures. 

Preparation of creaming mixture. The regular creaming mixture was stand- 
ardized to contain 12.0% fat and was added to cottage cheese at the rate of one 
part creaming mixture to two parts of cottage cheese. The special creaming mix- 
ture was prepared by the method of Mather and Babel (10), using cream con- 
taining 20% fat and an acidified skimmilk culture of S. citrovorus; it also 
contained 12.0% fat and was added to cottage cheese at the same rate as the 
regular creaming mixture. 

Source of cottage cheese. Some of the cottage cheese was manufactured by 
the long-set method outlined by Hales (8). However, since the study involved 
the effect of the method of creaming on keeping quality, cottage cheese manu- 
faetured in several commercial plants also was used in the experiments. 

Source of cultures. The cultures of Pseudomonas fragi and Pseudomonas 
putrefaciens were recent isolations from slimy cottage cheese. All of the other 
cultures were from the Purdue Dairy Department collection. 

Enumeration of microorganisms. Counts on suspensions of P. fragi and 
P. putrefaciens were made on plate count agar; the plates were incubated at 
21° C. for five days. Cottage cheese and creamed cottage cheese samples for 
yeast, mold, and coliform counts were treated as follows: The entire contents 
of a 12-0z. carton of cheese were transferred to a sterile 600-ml. beaker and 
mixed thoroughly with a sterile spatula. Fifty grams of the mixed sample and 
50 ml. of sterile sodium citrate solution (2%) were placed in a Waring blendor 
(previously sterilized with a chlorine solution containing 600 p.p.m. available 
chlorine for 3 to 5 min. and subsequently rinsed with sterile distilled water) 
and mixed for about 1 min. Portions of the mixture were plated directly or dilu- 
tions were prepared. Coliform counts were made with violet red bile agar and 
plates incubated according to Standard Methods (1). Yeast and mold counts 
were made with potato dextrose agar acidified to pH 3.5; the plates were incu- 
bated at 21° C. for five days. 

RESULTS 

Effect of a special creaming mixture prepared with 8S. citrovorus on the 

biacetyl content and keeping quality of creamed cottage cheese inoculated with 
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P. fragi. To determine whether a special creaming mixture influenced the keeping 
quality of creamed cottage cheese, P. fragi was selected as one of the test organ- 
isms, since it is a common cause of fruity flavor and surface slime. A quantity 
of cottage cheese was taken from one vat and treated as follows: Lot 1, no treat- 
ment; Lot 2, creamed with a regular creaming mixture; Lot 3, same as Lot 2 
except that P. fragi was added in an amount equivalent to 67,000 organisms per 
gram of cheese; Lot 4, creamed with a special creaming mixture; and Lot 5, same 
as Lot 4 except that P. fragi was added at the rate used in Lot 3. The results of 
a representative trial are given in Table 1. 

The biacetyl and acetylmethylearbinol contents of cottage cheese and regularly 
creamed cottage cheese changed only slightly during storage at 45° F. for 12 days. 
However, when P. fragi was added to regularly creamed cottage cheese and held 
for five days, biacetyl] was not detectable, the carbinol content decreased from 
6.0 to 3.5 p.p.m., and the pH increased from 4.95 to 5.08; a fruity flavor and slime 
were evident at seven days. Cottage cheese creamed with the special creaming 
mixture prepared with S. citrovorus increased in biacetyl and carbinol through- 
out the 12-day holding period and the increase in the cheese with P. fragi added 
was approximately the same as in the cheese without such an addition. No evi- 
dence of slime or fruity flavor was noted in the cheese creamed with the special 
creaming mixture at 12 days. 

Growth of coliform organisms in cottage cheese, regularly creamed cottage 
cheese, and specially creamed cottage cheese. Since coliform organisms are con- 
sidered undesirable in any dairy product and frequently produce unclean flavors 
and other defects, experiments were conducted to determine their rate of growth 
in cottage cheese and creamed cottage cheese. The cottage cheese selected for 
this study was obtained from a plant which regularly had some coliform organisms 
in its cottage cheese as a result of contamination from equipment and perhaps 
some growth during manufacture. One portion of cottage cheese was divided 
into five lots and treated as follows: Lot 1, no treatment; Lot 2, creamed with a 
regular creaming mixture ; Lot 3, same as Lot 2 except that it received an addition 
of Escherichia coli; Lot 4, creamed with a special creaming mixture prepared 
with S. citrovorus; and Lot 5, same as Lot 4 except that it received the same 
amount of Z. coli as Lot 3. Data from a typical trial are presented in Table 2. 

The cottage cheese used in this trial contained ten coliform organisms per 
gram and the population remained quite constant for six days at 45° F. Further 
holding showed a decrease in coliform organisms. Considerable growth of coli- 
forms occurred in regularly creamed cottage cheese (Lots 2 and 3), regardless 
of the initial coliform population. Lot 2 increased in coliforms from 20 to 8,000 
per gram, and Lot 3 from 1,600 to 740,000 per gram during 13 days at 45° F. 
One lot of cheese (Lot 4) creamed with the special creaming mixture decreased 
in coliform count from eight to less than two per gram in six days, whereas 
Lot 5 increased from 1,800 to 3,400 per gram during the 13-day holding period. 

Effect of addition of a special creaming mixture to cottage cheese on the rate 
of spoilage by P. putrefaciens. A culture of P. putrefaciens isolated from a 
sample of spoiled creamed cottage cheese, and which produced slime and a putrid 
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TABLE 2 


Rate of growth of coliform organisms in cottage cheese, regularly creamed cottage 
cheese, and specially creamed cottage cheese held at 45° F. 


Days held at 45° F. ; 


0 3 6 10 13 0 3 6 10 13 
No." Coliform count per gram pH 
1 10 12 10 <2 <2 4.54 4.52 4.51 4.51 4.53 
y 4 20 260 290 3,800 8,000 4.92 4.96 4.95 4.88 4.94 
3 1,600 18,000 140,000 260,000 740,000 4.90 4.93 4.94 4.92 4.95 
4 8 22 <2 <2 <2 4.79 4.80 4.82 4.89 4.76 
5 1,800 2,400 3,000 3,800 3,400 4.78 4.84 4.83 4.81 4.77 


* Lot 1. Cottage cheese; Lot 2. Regularly creamed cottage cheese; Lot 3. Regularly creamed 
cottage cheese plus addition of Escherichia coli; Lot 4. Creamed with a special creaming mix- 
ture prepared with Streptococcus citrovorus ; Lot 5. Same as Lot 4, except that 2. coli was added. 


odor, was used to study the effect of the type of creaming mixture on the rate of 
spoilage. The design of this experiment was the same as that employed to study 
the rate of spoilage by P. fragi (Table 1). Results of a representative trial in 
which P. putrefaciens was used as the spoilage organism are given in Table 3. 

The cottage cheese (Lot 1) used in this trial contained 0.4 p.p.m. biacety! 
and had a pH of 4.6. No appreciable change occurred in the biacetyl content 
or pHi during holding at 45° F: for 14 days and no slime or off-flavor developed. 
When creamed with a regular creaming mixture (Lot 2), the biacetyl content 
was decreased to 0.3 p.p.m. and the pH was increased to 4.95. This lot also showed 
no appreciable change in biacetyl content or pIl during storage. The addition 
of P. putrefaciens to regularly creamed cheese in an amount equivalent to 1,100 
organisms per gram of creamed cheese resulted in the appeacance of slime in 
six days with storage at 45° F.; no biacetyl could be detected on the tenth day 
of storage. Cheese creamed with the special creaming mixture, either without 
(Lot 4) or with (Lot 5) an addition of P. putrefacicus, did not show any detect- 
able spoilage during holding at 45° F. for 14 days. Also, Lots 4 and 5 contained 
more biacetyl after storage for 14 days than was present initially. 

Growth of molds and yeasts in cottage cheese creamed with a regular and 
special creaming mixture. After experiments had indicated that the creaming 
mixture prevented slime formation due to P. fragi and P. putrefaciens, and also 
decreased the rate of growth of coliform organisms, trials were conducted to 
determine whether the special creaming mixture would decrease the rate of 
growth of molds and yeasts. For this experiment, a quantity of cottage cheese 
was divided into five lots and treated as follows: Lot 1, no treatment; Lot 2, 
creamed with a regular creaming mixture; Lot 3, same as Lot 2, except that a 
culture of Geotrichum candidum was added ; Lot 4, creamed with a special cream- 
ing mixture; and Lot 5, same as Lot 4 except that G. candidum was added at the 
rate used in Lot 3. All of the lots were held at 45° F. and plated for molds at 
various intervals. Data obtained in a typical trial are given in Table 4. 

The uncreamed cheese (Lot 1) contained four molds per gram initially and 
80 per gram after holding at 45° F. for ten days. Regularly creamed cheese 
(Lot 2) contained two molds per gram initially and 74,000 per gram after ten 
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TABLE 4 


Growth of Geotrichum candidum in cottage cheese, regularly creamed cottage cheese, 
and specially creamed cottage cheese held at 45° F. 


Days held at 45° F. 


0 3 6 10 0 3 6 10 
Lot — 
No.* Molds per gram pH 
1 4 6 12 80 4.59 4.59 4.62 4.59 
2 2 <2 34 74,000 5.00 4.99 5.02 5.00 
3 240 280 2,400 3,000,000 5.01 5.02 5.04 5.05 
+ 2 <2 <2 38 4.87 4.89 4.88 4.87 
5 220 260 1,000 4,500,000 4.85 4.87 5.00 5.04 


“ Lot 1. Cottage cheese; Lot 2. Regularly creamed cottage cheese; Lot 3. Regularly creamed 
cottage cheese plus G. candidum; Lot 4. Creamed with a special creaming mixture containing . 
Streptococcus citrovorus; Lot 5. Same as Lot 4, except that G. candiduwm was added. 


days. Lot 3, to which G. candidum was added, had an initial count of 240 per 
gram and after ten days the count increased to 3,000,000 per gram. Cheese 
creamed with the special creaming mixture (Lot 4) contained less than two 
molds per gram initially and 38 per gram after holding for ten days. The ad- 
dition of G. candidum to cheese creamed with the special creaming mixture (Lot 5) 
resulted in an initial count of 220 per gram and the count increased to 4,500,000 
per gram in ten days. 

Experiments also were conducted to determine the rate of growth of Candida 
pseudotropicalis in regularly creamed and specially creamed cottage cheese. Data 
obtained in these experiments are not presented, since they indicate that the type 
of creaming mixture had no influence on the rate of multiplication of this 
organism. 

Effect of addition of acetic or propionic acid to creamed cottage cheese on 
the rate of formation of slime and fruity flavor by P. fragi. During the fermen- 
tation of citric acid by S. citrovorus, appreciable amounts of volatile acids 
(acetic and propionic) are formed. It seemed possible that these acids. might be 
present in the special creaming mixture in sufficient amount to prevent slime 
and fruity flavor due to P. fragi. Therefore, various amounts of acetic or pro- 
pionic acid were added to regularly creamed cottage cheese contaminated with 
P. fragi. For comparative purposes, two lots of specially creamed cottage cheese 
were included in the study ; one without and one with an addition of P. fragi. 

Data presented in Table 5 show the amounts of acetic or propionic acid 
added to 12-0z. cartons of creamed cottage cheese and the time required for de- 
velopment of slime and fruity flavor when held at 45° F. Regularly creamed 
cheese, with no additions, showed surface slime in ten days and a fruity flavor 
in nine days; whereas, cheese with an addition of P. fragi developed these defects 
in seven and five days, respectively. The addition of either acetic or propionic 
acid increased the time required for development of slime and fruity flavor, 
and the increase was related to the amount of acid added. However, the largest 
amount of acetic or propionic acid added to regularly creamed cottage cheese did 
not delay slime formation or a fruity flavor for as long a time as the special 
creaming mixture. 


19294 D. W. MATHER AND F. J. BABEL 


TABLE 5 


Rate of development of slime and fruity flavor in creamed cottage cheese without and 
with additions of Pseudomonas fragi and acetic or propionic acid 


Number of days sample was held 
at 45° F. before detection of 


Product and treatment Slime Fruity flavor 

Regularly creamed cottage cheese 10 9 
Regularly creamed cottage cheese plus P. fragi Y 5 
Regularly creamed cottage cheese plus P. fragi and 

1 ml. of 0.2 N acetic acid 9 8 
Regularly creamed cottage cheese plus P. fragi and 

3 ml. of 0.2 N acetie acid 10 9 
Regularly creamed cottage cheese plus P. fragi and 

5 ml. of 0.2 N acetie acid 11 10 
Regularly creamed cottage cheese plus P. fragi and 

1 ml. of 0.2 N propionie acid 7 6 
Regularly creamed cottage cheese plus P. fragi and 

3 ml. of 0.2 N propionic acid 12 10 
Regularly creamed cottage cheese plus P. fragi and 

5 ml. of 0.2 N propionie acid 12 10 
Regularly creamed cottage cheese plus P. fragi and 

7 mi. of 0.2 N propionic acid 13 11 
Cottage cheese creamed with a special creaming mixture 

containing S. citrovorus >15 >15 
Cottage cheese creamed with a special creaming mixture 

containing S. citrovorus plus an addition of P. fragi 336 >15 


Effect of pH of creaming mixture on the rate of slime formation by P. fragi. 
The special creaming mixture prepared with S. citrovorus had a pH of about 5.2 
when added to cottage cheese. Therefore, the pH of cheese creamed with the 
special creaming mixture was always slightly lower than the pH of regularly 
ereamed cottage cheese. To determine whether the lower pH was inhibitory to 
P. fragi, a regular creaming mixture was acidified with citrie acid to pH 5.2 
and added to cottage cheese. A comparison of the rate of slime formation by 
P. fragi on cottage cheese, regularly creamed cottage cheese, cottage cheese 
creamed with an acidified creaming mixture, and cottage cheese creamed with 
the special creaming mixture is shown in Table 6. 

The cottage cheese used in this experiment had an initial pH of 4.80 and 
creaming with a regular creaming mixture increased the pH to 5.19. No slime 
was formed on the cottage cheese during holding at 45° F. for 13 days, but slime 
was noted on the regularly creamed cheese at 13 days. The addition of P. fragi 
to regularly creamed cottage cheese caused slime to appear in five days. Cottage 
cheese creamed with the mixture acidified with citric acid to pH 5.2 had an 
initial pH of 5.01, and this cheese also developed surface slime in five days. Cheese 
creamed with the special creaming mixture prepared with S. citrovorus had an 
initial pH of 5.08 and did not show surface slime in 13 days, even when P. fragi 
was added to the creaming mixture. 


DISCUSSION 


During the development of a method for increasing and standardizing the 
biacetyl content of creamed cottage cheese (10), it was realized that some micro- 
organisms capable of causing spoilage might interfere with such a procedure. 
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TABLE 6 


Rate of slime formation on cottage cheese creamed with a regular creaming mixture, 
a regular creaming mixture acidified with citric acid, and a special cream- 
ing mixture prepared with Streptococcus cilrovorus 


Days held at 45° F. 


0 5 9 13 0 5 “ 9 we 13 


Lot Slime present (+) 

No.* or absent (—) pH 
1 4.80 4.78 4.77 4.82 
2 + 5.19 5.15 5.13 5.14 
3 _ + + + 5.18 5.13 5.18 5.16 
4 5.01 5.00 5.02 5.00 
5 5.08 5.05 5.05 5.05 
6 = 5.07 5.07 5.03 5.05 


“Lot 1. Cottage cheese; Lot 2. Regularly creamed cottage cheese; Lot 3. Regularly creamed 
cottage cheese plus Pseudomonas fragi; Lot 4. Cottage cheese creamed with acidified creaming 
mixture plus P. fragi; Lot 5. Specially creamed cottage cheese; Lot 6. Specially creamed cottage 
cheese plus P. fragi. 


Earlier studies by Parker ef al. (11) and Wales and Harmon (15) indicated 
that certain spoilage organisms, particularly Pseudomonas species, could de- 
crease the biacetyl content of creamed cottage cheese. However, as the experi- 
mental work progressed, it was noted that the cottage cheese creamed with a 
special creaming mixture prepared with S. citroverus did not develop certain 
defects as readily as regularly creamed cheese. The defect noted most frequently 
in the regularly creamed cheese was a fruity odor and surface slime accompanied 
by loss of typical flavor. The causative organism was P. fragi. 

Controlled experiments were conducted to determine whether the special 
creaming mixture actually was inhibiting slime formation due to P. fragi and 
also to study the effect of the organism on the biacetyl content. The data pre- 
sented in Table 1, as well as additional experiments which are not reported, 
confirm the earlier observations and indicate that P. fragi does decrease the 
biacetyl content of regularly creamed cheese but has no effect on the biacety! 
content of cheese creamed with the special creaming mixture. The absence of 
slime on the specially creamed cheese, even with rather large numbers (67,000 
per gram) of P. fragi added, indicates the value of the special creaming mixture 
in preventing defects due to this common spoilage organism. 

It was of interest to determine what effect the special creaming mixture 
would have on other microorganisms capable of causing defects in creamed cottage 
cheese. Therefore, E. coli, P. putrefaciens, G. candidum, and C. pseudotropicalis 
were chosen for additional studies. 

E. coli, as well as other coliform organisms present in the creamed cottage 
cheese as a result of contamination, were inhibited by the special creaming mix- 
ture (Table 2). Coliform counts on samples of cottage cheese creamed. with the 
special creaming mixture in commercial plants also indicated that this creaming 
mixture decreased the rate of growth of coliform organisms. 

Inhibition of P. putrefaciens by the use of the special creaming mixture was 
expected, because of the results obtained with P. fragi and certain similarities 
among the two organisms. Controlled experiments (Table 3) confirmed such an 
inhibition. 
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The special creaming mixture had no effect on the growth of @. candidum or 
C. pseudotropicalis. Other molds and yeasts were not included in this study. 

Gelpi and Rusoff (7) indicated that the addition of propionic acid prolonged 
the shelf-life of creamed cottage cheese. Since the special creaming mixture con- 
tained some propionic and acetic acid as a result of the fermentation of citric 
acid by S. citrovorus, experiments were conducted to determine the extent of 
inhibition of P. fragi by these acids. The data presented in Table 5 show that 
the addition of acetic or propionic acid to creamed cottage cheese, in amounts 
greater than those present in the special creaming mixture (10), did not inhibit 
slime formation for as long a period as the special creaming mixture. 

The pH of cottage cheese creamed with the special creaming mixture was 
always slightly lower than the pH of cottage cheese creamed with a regular 
creaming mixture. Several investigators (2, 4, 11) have indicated that the pH 
of creamed cottage cheese influences the rate of slime formation by bacteria. There- 
fore, experiments were conducted to determine whether it was the pH or some 
other factor which inhibited slime formation due to P. fragi or P. putrefaciens 
and also inhibited the growth of coliform organisms. The data presented in 
Table 6, as well as other trials not reported here, indicate that the lower pH 
of the special creaming mixture is not entirely responsible for the inhibition or 
prevention of defects by P. fragi. 
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VITAMIN By IN WHEYS PREPARED BY COAGULATING 
MILK WITH ACID AND RENNET! 


E. B. COLLINS anp MAKOTO YAGUCHI 
Department of Food Science and Technology, University of California, Davis 


SUMMARY 


The U.S.P. microbiological assay procedure for vitamin B,. activity was followed, 
using Lactobacillus leichmanii ATCC 7830. Three samples of pasteurized milk and 16 
samples of pasteurized skimmilk averaged, respectively, 4.0 y and 4.7 y of vitamin B,. 
per liter. Comparison of amounts of vitamin B, in wheys and original milks indicated 
that both casein and whey proteins bind the vitamin. Rennet extract caused hydrolysis 
and/or separation from casein of some of the bound vitamin B,. Six rennet wheys con- 
tained an average of 60% of the vitamin B, present in the original milk or skimmilk. 
Six acid wheys contained an average of 44% of the vitamin present in the original 
skimmilk. The separation of bound vitamin B, from casein was influenced by rennet 
concentration and time at 40° C, 


Gregory and coworkers (2, 3) found no vitamin By» in ultrafiltrates of milks 
from several animal species, and concluded that it is bound by milk proteins. 
Both casein and whey proteins are reported as good sources of Biz (6). Cottage 
cheese, by Lactobacillus leichmanii assay, contains an average of 8.8 y of vitamin 
Bye per kilogram, as compared to 10.3 y per kilogram for Cheddar cheese (5). 
Pasteurized milk contains 3.4 y to 4.4 y per liter (1). Comparison of these values 
with average yields of cheese suggests that the retention of vitamin By. by 
casein is greater in cottage cheese making than in Cheddar cheese making. 

This paper reports on a study of the distribution of vitamin By. in wheys 
prepared by coagulating milk with acid and rennet. 


METHODS 

Vitamin assay. The U.S.P. microbiological assay procedure for vitamin By. 
activity (7), with revised medium (8), was followed, using Lactobacillus 
leichmanii ATCC 7830. One milliliter of each material to be tested was diluted 
with 10 ml. of sterile distilled water, adjusted to pH 6.0, and diluted to 
desired volume. Inoculated culture tubes of the assay medium were incubated 
for 72 hr. at 32° C. Bacterial growth responses were measured by electrometric 
titration to pH 7.0 with 0.1 N sodium hydroxide. The standard vitamin By. 
solution was made from crystalline vitamin Byp. 

Acid coagulation. Portions of 100 ml. of skimmilk were adjusted electro- 
metrically to pH 4.6 with glacial acetic acid (dispersed with a micropipette at 
35° C.). Less than 0.5 ml. of acid was required. Whey was separated from the 
casein fraction by filtration through coarse filter paper. 

Rennet coagulation. Portions of 100 ml. of skimmilk were adjusted to and 
maintained at 40° C. in a thermostatically controlled water bath. Unless indi- 
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cated otherwise, the following procedure was used: Each portion received 0.5 ml. 
of rennet extract. After rennet was added, samples were mixed, permitted to 
stand 15 min., cut into cubes with a stainless-steel spatula, kept at 40° C. for 
an additional 30 min., and filtered through coarse filter paper. 


RESULTS 

Experimental error. The experimentai error of the assay procedure was de- 
termined by assaying in duplicate four samples of pasteurized skimmilk and four 
samples of whey. The average vitamin By. contents were 4.25 y and 2.88 y per 
liter for skimmilk and whey, respectively. For duplicate determinations on 
skimmilk, the average deviation from the mean was 0.13 y per liter (range 0.08 
to 0.17 y). For duplicate determinations on whey, the average deviation from 
the mean was 0.05 y per liter (range 0.04 y to 0.06 y). 

Vitamin By. in milk and skimmilk. Three samples of pasteurized milk and 
16 samples of pasteurized skimmilk were assayed for vitamin By. content during 
the study. The samples of milk averaged 4.0 y of vitamin By per liter (range 
3.5 to 4.8 y). The samples of skimmilk averaged 4.7 y per liter (range 35 
to 6.6 y). 

Vitamin B,. in acid and rennet wheys. Wheys were prepared from a sample 
of pasteurized skimmilk by coagulation with acid and rennet. The total solids 
contents of the wheys were not appreciably different (6.78% for the acid whey ; 
6.88% for the rennet whey), but the acid whey contained only 1.9 y of vitamin 
By». per liter, as compared to 2.8 y per liter for the rennet whey. These amounts 
were 44 and 65% of the amount of vitamin By,» present in the original skimmilk 
(4.3 y per liter). 

A sample of the rennet whey was adjusted to pH 4.6 and filtered. This 
procedure did not change its vitamin By. content. But one sample of acid whey, 
prepared by adjusting skimmilk below the isoelectric point of casein to pH 4.0 
(to permit some of the casein to redissolve before filtering), contained 2.6 y 
of Big per liter. 

The above difference in vitamin content of acid and rennet wheys was sub- 
stantiated by vitamin Byo assays for two additional acid wheys, three cottage 
cheese wheys, three additional rennet wheys, and two Cheddar cheese wheys 
(Table 1). 

Influence of rennet concentration and time on the vitamin By, content of 
whey. Sinee the vitamin Bi. content of rennet whey was higher than that of 
acid whey, different concentrations of rennet were used for coagulating portions 
of skimmilk, and different periods of time at 40° C. were permitted after the 
rennet addition before filtration. The results (Table 2) show that the vitamin 
By. content of whey increased with time at 40° C. and with rennet concentration. 


DISCUSSION 
Gregory and coworkers (2, 3) found that vitamin By, in milk is bound by 
milk proteins. Comparisons of the amounts of Vitamin By, in wheys and original 
milks reported in this paper show that both casein and whey proteins bind the 
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TABLE 1 
Vitamin Bi: in wheys prepared by coagulating pasteurized skimmilk or milk with acid and rennet 


Vitamin Bs content 


1 2 
(2) 
Sample Skimmilk or milk Whey (1) 
(y/liter) (y/liter) (%) 
Acid preparation 
1A 4.3 1.9 44 
2A 4.7 2.3 49 
3 5.2 2.1 40 
4° 4.4 2.1 46 
5? 5.6 2.6 46 
6* 3.5 1.4 40 
Average 44 
Rennet preparation 
1B 4.3 2.8 65 
2B 4.7 3.2 68 
7 5.5 3.3 60 
8 5.8 3.1 92 
9” 3.5° 1.9 54 
10” 3.7° 2.4 65 
Average 60 


“Whey taken as drained from Cottage cheese curd. 
® Whey taken as drained from Cheddar cheese curd. 
Milk. 


vitamin. Acid and rennet wheys contained much smaller amounts of By. than did 
the milk or skimmilk from which they were prepared. The decreases resulted 
from precipitation of vitamin By. with casein and not from inactivation of the 
vitamin, as is evident from two results: (1) The vitamin Bj». content of rennet 
whey was not decreased by adjustment to pH 4.6 and filtration. (2) Acid whey 
prepared from skimmilk adjusted below the isoelectric point to pH 4.0 contained 
more vitamin B,. than did whey prepared from a duplicate sample of skimmilk 
adjusted to pH 4.6. The conclusion that both casein and whey proteins bind the 
vitamin is in agreement with an earlier study in which both crude casein and 
dried whey proteins were found to be good sources of vitamin By» (6). 

The results indicate that rennet hydrolyzes and/or separates bound vitamin 
Bio from casein. This action possibly is the same as that of papain or trypain 
used to make the vitamin Bj», in milk available to microorganisms (2). The sepa- 
ration is influenced by rennet concentration and time at 40° C. Undoubtedly, 
other factors, such as temperature and pH, are important. In an experiment not 
reported above, rennet extract was separated into rennin and pepsin fractions by 
the method of Hankinson and Palmer (4). Results with the fractions indicated 
that rennin and pepsin serve equally well in separating vitamin B,. from casein, 
but it is not certain that complete separation of rennin and pepsin was achieved. 

The microbiological assay values reported by Hartman et al. (5) for vitamin 
Bo in cheese are consistent with finding that rennet separates vitamin Bj. from 
casein. They found cottage cheese and Cheddar cheese to contain 8.8 and 10.3 y 
of By per kilogram, respectively. Using these values, and assuming that the 
milk, cottage cheese, and Cheddar cheese contained 3.3, 15, and 32% protein, 
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TABLE 2 
Influence of rennet concentration and time at 40° C. on the vitamin Bw content of whey 
Time from Vitamin Bw content of whey* 
Rennet per adding Results for Trial No.: 
100 ml. of rennet to 
skimmilk filtering 1 2 3 + Average 
(ml.) (hr.) (%)° (%) (%) (%) (%) 
0.05 0.5 52 57 54 
1.0 53 62 57 
2.0 54 64 59 
0.10 0.5 54 54 
1.0 58 58 
2.0 59 59 
0.5 0.75 61 61 
1.25 70 70 
3.25 76 76 
1.0 0.5 65 72 68 
1.0 66 75 70 
2.0 67 75 71 
1.0 0.75 75 76 
1.25 SS 88 
3.25 so 89 
3.0 0.5 64 64 
1.0 78 78 
2.0 82 82 
0.0 0.5 78 78 
1.0 79 79 
2.0 81 81 
5.0 0.75 74 74 
1.25 89 89 
3.25 92 92 


“The vitamin Biz contents were corrected for volume changes due to the addition of rennet 
and to exclude 70% of the vitamin Biz present in the rennet extract. The rennet extract con- 
tained 11.6 y of vitamin By per liter. 


Biz/liter of whey 
“%= — x 100. 
B,./ liter of skimmilk 


respectively, one finds that the respective products contained about 12, 5.6, and 
3.2 y of vitamin By» per 100 g. of protein, exclusive of the B,2 and protein con- 
tained in the cottage cheese creaming mixture. 

The present finding, however, is not in agreement with a rat assay for 
vitamin Bs in cheese, reported by Hartman et al. (5). By rat assay they found 
cottage cheese and Cheddar cheese to contain 8.0 and 20.8 y of vitamin Bie 
per kilogram, respectively, and milk to contain 7.1 y per liter. Calculations 
from these values suggest that the milk, cottage cheese, and Cheddar cheese 
contained, respectively, 21, 4.2, and 6.5 y of vitamin By per 100 g. of protein, 
exclusive of the Bis. and protein contained in the cottage cheese creaming mix- 
ture. The ratio of these values is different from the ratio of values calculated 
similarly from microbiological assay results. Comparison of the ratios with 
regard given to the finding that rennet hydrolyzes and/or separates bound 
vitamin By from casein indicates error in the rat assay for vitamin By. in cottage 
cheese. Hartman ef al. discussed several possible reasons for disagreement 
between rat and microbiological assay results. 
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Greater retention of vitamin By. in cottage cheese making as compared to 
Cheddar cheese making would be expected from the separation of bound vitamin 
Bye from casein by rennet. This was indicated by analyses of the three cottage 
cheese and two Cheddar cheese wheys. Calculations from averages of the results 
suggest that about 60 and 42% of the vitamin By. were retained in making cottage 
cheese and Cheddar cheese, respectively. Greacer retention of vitamin By. in 
cottage cheese making is also indicated by calculations from the microbiological 
assay values reported by Hartman et al. (5). Retention values of about 42% for 
cottage cheese making and 29% for Cheddar cheese making are found by assuming 
4.0 y of Bye per liter for skimmilk, milk, and cream, average yields in cheese 
making, and the reported By. content values of 8.8 and 10.3 y, respectively, per 
kilogram for creamed cottage cheese and Cheddar cheese. 
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RELATIONS BETWEEN WEIGHT AT FIRST CALVING AND MILK 
PRODUCTION DURING THE FIRST LACTATION ! 


R. H. MILLER anv L. D. McGILLIARD 
Department of Dairy, Michigan State University, East Lansing 


SUMMARY 


Michigan DHIA-IBM records for 4,677 Holsteins, 1,001 Guernseys, and 501 Jerseys 
were used to fit constants by least squares for the independent influences of age and 
weight on production in the first lactation. These effects indicated that delaying calving 
of heifers is economically disadvantageous and that heavier heifers have little or no 
advantage over lighter heifers of similar age. 

Intraherd partial regressions were about 75 lb. of milk per month of age and 200 lb. 
of milk per 100 lb. weight at first calving. Large correlation between herd averages of 
weight and production contributed significantly to larger partial regressions of milk on 
weight when herds were ignored. 

Genetie correlations between weight and production were of the order of .3. Herit- 
abilities based on paternal-sister correlations ranged from .4 te .8 for weight and from 
.3 to .6 for production in the first lactation. 

Dairy heifers should be bred as soon as large enough to minimize possible harmful 
effects on length of productive life. Selection for increased milk production may result 
in larger size. Correcting production for weight should be based only on the environ- 
mental part of the relationship between weight and production to avoid removing some 
genetie variation in production. 


How body weight and milk production are related has received prominent 

attention by many workers. However, the emphasis which body size, as measured 
by weight, should receive in dairy cattle selection and management programs, 
and kow it should be used, have not been definitely ascertained. Beck and Turk 
(1) and Pfau and Bartlett (13), in reviews of the relationship of body size to 
milk production, concluded that large cows tend to produce more than do small 
cows. 
If the relationship of body weight per se to milk and fat production is not 
large enough to be economically important, size, as measured by weight, should 
be considered only in the management of the dairy cow. If a close association 
of milk and fat production with weight exists, but this connection is primarily 
conditioned by environmental differences, selection for gross size should not be a 
prominent consideration in a dairy cattle selection program, except insofar as 
there may be a genetic relation between size and other factors, such as longevity. 
However, differences in size could be used to remove environmental differences 
from production records. If weight is important in determining milk production 
and the genotype is important to the association, size should receive attention 
in evaluating the genetic ability of animals for milk production. 

The objectives of this investigation were: (1) To assess the direct quantita- 
tive effect of body weight upon milk and butterfat production in the first lacta- 
tion, and (2) to determine the genetic or environmental nature of any associa- 
tion which might exist. 
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SOURCE OF DATA 


The data were records completed in Michigan DHIA-IBM from January, 
1953, through May, 1957 (no corrections for yearly differences were made). 
The following measurements were obtained from individual first-lactation records : 
(1) actual milk production, (2) actual fat production, (3) age at calving, and 
(4) body weight at calving. Only completed lactations of 305 days or less were 
used ; lactations continuing beyond 305 days were terminated at 305 days. 

Milk was coded in hundreds of pounds, whereas fat and weight were coded 
in tens of pounds. Age was recorded in months. Weight was estimated by means 
of taped chest-girth measurements based on the relationship between the two 
reported by the Bureau of Dairy Industry (11). Chest girth was measured by 
the DHIA supervisor on his first visit following calving (within 30 days follow- 
ing parturition). 

Numbers sufficient for analysis were available for only three breeds: 4,677 
Holsteins, 1,001 Guernseys, and 501 Jerseys. 

Table 1 displays the means and standard deviations for the four measurements 
studied. Milk, fat, and weight are in coded units. 


TABLE 1 


Means (M) and standard deviations (S) of age at calving, weight at calving, milk and 
fat production for the first lactation* 


Age Weight Milk Fat 
Breed M Ss M Ss M Ss M Ss 
Holstein 29 4.6 112 13.9 99 20.4 36 7.4 
Guernsey 29 4.7 93 11.6 an 16.0 34 7.6 
Jersey 27 4,2 79 12.0 62 13.5 38 6.9 


* Weight, milk, and fat in coded units. 


METHODS AND RESULTS 


Least squares estimates of influences of age and weight on production. To 
obtain an estimate of the direct effect of weight on production requires that 
effects of age be analyzed also, since the effect of weight on production is closely 
associated with that of age. Let Yj; be the record made in the ith herd by the /th 
animal in the jth age group and the kth weight group. If the effeets are additive 
and interaction is not an important source of variation, the relationship between 
these observations is 

= wt het aj t+ we + 


where » is the unknown population mean, /; is an effect common to all observa- 
tions in the ith herd, a; is an effect for all records in the jth age group, w; is 
an effect for all observations in the kth weight group, and ej, is a random ele- 
ment peculiar to the individual record. 

The technical details of the application of the method of least squares to 
nonorthogonal data similar to these have been well described by Harvey (5). 
For ease of computation, age was grouped in 4-mo. intervals and weight in 
intervals of 100 lb. The equations were solved simultaneously to estimate effects 
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of age and weight (see Tables 2 and 4, respectively). The constants are given 
in code units and are presented as deviations from the over-all mean production 
for milk and fat, respectively, for each breed (for the mean production values, 
see Table 1). 

The number of observations in many of the groups is small. The estimates 
for such classes should be used with caution, since sampling errors are expected 
to be large. Thus, the classes on both extremes, especially in Guernseys and 
Jerseys, are likely to be somewhat less reliable than the central classes. In ad- 
dition, the older age groups and heavier weight groups undoubtedly were sub- 
ject to more selection than the lower classes. However, such selection would 
have had to be based on individual type and the merit of relatives, rather than on 
individual performarce. 

Age-correction factors are usually not derived independently of weight. 
The estimates in Table 2 can be compared with those in Table 3, where weight was 
not considered. The differences between the estimates of the effect of age on pro- 
duction in these tables may be interpreted as due to the joint effects of age and 
weight on production. Table 3 indicates that when weight is not considered, the 
estimates of the influence of age on production carry some correlated effects due 
to the animal being smaller or larger than the average. 


TABLE 2 


Influence of age of first calving on milk and fat production 
in the first lactation, independent of weight* 


Holstein Guernsey Jersey 
Age No. in No. in No. in 
group group Milk Fat group Milk Fat group Milk Fat 
16-19 24 —13.8 —5.4 9 —36,1 —4.8 5 —10.5 —5.9 
20-23 296 —75 —3.2 57 76 —6.0 
24-27 1,597 —4.8 —2.3 402 —3.5 249 —3.4 
28-31 1,459 —2.2 294 —0.9 105 —0.4 —0.2 
32-35 846 0.2 —~0.2 151 0.3 0.0 39 1.8 0.5 
36-39 334 4.0 1.0 61 2.2 1.9 19 =—i9 —0.3 
40-438 92 6.1 2.2 20 72 2.6 6 —5.4 ak 
44-47 21 7.4 3.2 2 13.3 7.5 0 ae 
48-up 8 10.5 5.8 4 —36 —18 2 25.8 14.2 
“Milk and fat in coded units. ™ 
TABLE 3 
Influence of age on milk and fat production in the first lactation, disregarding weight* 
Holstein Guernsey Jersey 
Age group Milk Fat Milk Fat Milk Fat 
16-19 —6.5 —5.9 —6.2 
20-23 —10.2 —4,] —3.5 —4.0 
24-27 —6.1 —4.6 —2.4 —4.0 —20 
28-31 —2.4 —2.3 0.2 —0.1 
32-35 0.7 0.0 0.5 0.0 2.2 0.7 
36-39 5.2 1.4 2.8 2.1 —0.6 0.0 
40-43 7.5 2.6 8.1 2.9 
44-47 9.6 4.0 17.9 9.5 7? 
48 and above 12.9 6.6 —3.0 —L5 25 14.1 


: Milk and fat in coded units. 


a 
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TABLE 4 


Influence of weight at first calving on milk and fat production in the 
first lactation, independent of age* 


Holstein Guernsey Jersey 


Weight No. in No. in No. in 
group group i ' group Milk Fat group Milk 


600-699 7.6 12 3; 89 —4.4 
700-799 25 2: 91 193 —0.9 
900-999 31% 2. ¢ 1.8 
1,000-1,099 7 2 208 8 3.6 
1,100-1,199 1,260 6 j 8.4 
1,200-1,299 833 “ —22.2 
1,300-1,399 369 
1,400—1,499 98 
1,500-1,599 21 
1,600-1,699 14 


* Milk and fat in coded units. 


The significance of the weight constants (Table 4) is somewhat more difficult 
to assess, there being no continuous positive increase in production with suc- 
cessive weight increments. This may be attributed in part to sampling error 
where the numbers in the classes concerned are small. The similarity of the 
Holstein constants from 600-900 Ib. indicates that weight has little or no effect 
on production at this level of development. There appears to be a type of 
threshold at the 900—1,000 lb. weight level. If more data were available for 
the other breeds, perhaps they would exhibit similar responses at weights less 
than 600 lb. 

The aberrations in the constants at higher levels of development are more 
difficult to explain. The sharp decline in production may indicate a level of 
weight at which there is an increasing tendency for the conversion of nutrients 
into fatty tissue and storage. If such a condition interfered in some way with 
milk secretion, one might expect to see a steady decrease in production beyond 
this weight level. To determine this, large numbers would need to be available 
in the extreme weight classes. 

To obtain a clearer picture of the importance of the independent influences 
of age and weight on production, the costs of feed required for gains and mainte- 
nance with increased age were contrasted with the cost of obtaining the added 
production. Delaying the date of first calving of a heifer entails the expense of 
maintaining and caring for the animal over the additional period of time in which 
she is not producing milk. Heavier heifers cost more to maintain and, in addition, 
the cost of gaining the added weight must be considered. 

In general, the maintenance cost for the period of delayed calving exceeded 
the value of the added production attributable to the delay. The value of in- 
creased production due to 100 lb. larger weight was generally slightly less than 
the feed cost for the gain and maintenance of the added weight. Thus, by rough 
economic yardsticks, the production gained through older age at calving is 
distinctly uneconomical, while that obtained through increased weight is slightly 
unprofitable. 
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Variances and covariances of age, weight, and production. Table 5 lists the 
total number of observations, the number of herds and sires within herds for 
each breed. 

Analyses of variance and covariance, according to Henderson’s Method 1 
(6), were carried out employing a simple model containing elements for herds 
and sires within herds. The results of the variance and covariance component 
analyses are presented in Tables 6 and 7, respectively. 


TABLE 5 
Number of observations 


Breed Total Herds Sires within herds 


Holstein 4,677 651 2,451 
Guernsey 1,001 163 500 
Jersey 501 82 243 


TABLE 6 
Components of variance for age, weight, milk, and fat* 


Weight Milk 


Breed Com ponent % Comp. % Comp. ‘ Comp. 


Holstein H * 3: 59.6 2 144.6 
HS 22.4 33.7 
2. 57 110.8 236.6 
Total 21.6 192.8 414.9 


Guernsey 2. 34.0 100.0 
9.3 12.5 

91.9 144.9 

135.2 257.4 

Jersey “ 2 50.7 61.1 
5 18.8 é 15.4 

71 75.9 52 107.5 

Total 18.1 145.4 184.0 


“ Weight, milk, and fat in coded units. 
» Negative HS component considered zero. 


TABLE 7 
Components of covariance between age, weight, and milk and fat* 


Breed Component Age-weight Weight-milk Age-milk Weight-fat  Age-fat 


Holstein Covn 5. 47.0 
Covns 5. 9.1 
Cov, $1.7 
Total 21.8 87.8 


Guernsey Covn i 24.6 
Covns 2.1 
Cov, ee 29.2 
Total 55.9 


Jersey Corn 25. 39.3 
Covns 93. —51.8 
Cov, 55. 59.0 —45.6 
Total 24 46.5 4.5 


“ Weight, milk, and fat in coded units. 


Age Fat 
| 35 21.6 39 
: 8 3.3 6 
4 57 30.3 55 
4 55.2 
| 30 24.7 43 
5 2.8 5 
56 30.6 52 
58.1 
33 16.6 35 
8 4.9 10 
59 26.0 55 
47.5 
0.0 17.4 O.3 
27 3.0 0.3 
a 11.9 11.4 5.0 
14.6 31.8 3.6 
19.8 
4.9 —22.9 2.5 
8.9 31.5 4.2 
28.4 4.0 
4.2 
—0.6 0.2 
11.0 4.6 
14.6 1.3 
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The H component represents the variance due to differences between herds. 
These variations are thought to be principally environmental in nature. HS can 
be interpreted as portraying the variation between sets of daughters by different 
sires in the same herd; this would appear to be largely genetic, unless progeny 
groups within a herd were treated differently. P is an estimate of the variation 
between daughters of the same sire within the herd. 

Breeds show considerable differences in components for age. Herd variation 
is one-half as important in Jerseys as in Guernseys. Though HS is small, this 
component is a larger part of the variance in age than was expected. One might 
suppose that differences in age at first calving would vary little from a group 
of daughters by one sire to a group by another sire in the same herd. However, 
the results estimate HS to be 0-10% of the total variation. To the extent that 
level of development of the heifers is a consideration in the age at which heifers 
are bred, this phenomenon may reflect genetic differences in rates of growth. 
Nevertheless, nongenetic differences undoubtedly are of principal importance 
in determining age at first-calving. The size of HS may indicate that breeders 
are more interested in the daughters of one sire than those of another and are 
breeding them at different times. Another possibility is that breeders may be 
using different sires at different times of the year. Breeding for fall freshening 
is a common practice and may cause sire progenies to differ in age at first-calving. 

Heritabilities. Intraherd heritabilities may be estimated from Table 6 by four 


times the paternal-sister correlation : Wea?’ The heritabilities are presented 
in Table &. 

Insofar as the HS of the other variables tend to be larger because of the 
differences between sires in age of daughters in the same herd, and because of 


the positive correlations between age and the other variables, heritabilities and 


TABLE 8 


Tntraherd heritabilities of first-lactation characteristics based on 
the correlation between paternal sibs 


Breed Weight Milk 


Holstein .67 50 
Guernsey .37 32 
Jersey 79 50 


genetic correlations may tend to be larger than if differences in age had been 
minimized adequately. To the extent that these differences in age at first-calving 
are not associated with genetic differences in rates of growth, the estimates may 
be biased slightly. 

Previous estimates of the heritability of weight at various stages of develop- 
ment are similar to the present estimate for Guernseys, but smaller than those for 
Holsteins and Jerseys. Johansson (9) reported a heritability of weight at first- 
calving of .34 for Red Dane heifers tested in special progeny-testing stations. 
Mason ct al. (12) reported heritabilities of weight in Red Dane heifers at two 
different stages of development. The heritability of September weight (prior 
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to parturition) was .41, while the heritability of March weight (after 5 mo. of 
lactation) was .37. Touchberry (15) found a heritability of .37 for weight in 
187 Holstein daughter-dam comparisons in one herd, where the measurements 
were obtained at the calving date nearest the animal’s third birthday. Black- 
more et al. (2) found heritability of weight at 2 yr. to be .53 for 334 Holstein 
daughter-dam pairs. Turner (16) reported an intrasire regression of daughter’s 
body weight on dam’s body weight of .28 in Jerseys. Turner’s data were obtained 
from animals of various ages, but were corrected to a mature-equivalent weight 
basis. 

Most heritability estimates for milk and fat production have been of the 
order .2 to .3 (8). However, most previous estimates were based on lactations at 
various stages of life, whereas these estimates apply specifically to first lactations. 
Although the data are usually corrected for age differences, such estimates need 
not correspond precisely to those obtained in the present example. Johansson 
(10) reported a heritability of 300-day first lactation fat yield of .33 for Swedish 
Red and White cattle. In an analysis of the records of Red Dane heifers tested 
in progeny stations in Denmark, Johansson (9) found heritabilities of 250-day 
first-lactation milk and fat yield of .58 and .56, respectively. Mason et al. (12), 
in a similar analysis of progeny test station records, reported a heritability of 
first-lactation milk yield of .57. 

Phenotypic and genetic correlations. The extent of the association between 
two measurements in the same animal is given by the phenotypic correlation. 
Table 9 presents the phenotypic correlations on both over-all and intraherd bases. 

The phenotypic correlation between age and weight appears to be slightly 
larger within the herd group than over a group of many herds. On the other 
hand, the correlation between weight and production within the herd is less 
than on an over-all basis, the association within herds being of the order of .2. 
The correlation of age and production is distinctly larger when the differences 
between herds are removed. The intraherd correlation is of the order of .2 to .3, 
whereas the correlation between age and production is only about .1 on an 
over-all basis. 

The effects apparently being exerted by herd differences are shown in Table 10 
by the correlations: between herd averages for weight and production. Except 
for the correlation between weight and fat production in Jerseys, the correlations 
between weight and production due to herd differences are quite large—of the 
order of .5. Thus, it appears that there are factors peculiar to different herds 
which influence weight and production in a positive direction. 


TABLE 9 
Phenotypic correlations between age, weight, milk, and fat 


Holstein Guernsey Jersey 


Trait Level Weight Milk Fat Weight Milk Fat Weight Milk 


Age Over-all 34 15 16 28 10 25 
Intraherd = .36 23 24 43 30 42 .28 
Weight Over-all 31 31 30 
Intraherd 21 21 25 


: 
.08 .04 
24 24 
.28 18 
22 21 
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TABLE 10 
Correlations between weight and production of herds 
Breed Milk Fat 


Holstein 51 48 
Guernsey 42 .68 
Jersey | 14 


The importance of herd differences in the relationship between weight and 
production has been investigated by Hofmeyr (7). He concluded that weight 
at calving in relation to age is especially important in regard to heifers from 
low-yielding herds and that the level of nutrition prior to calving has a pro- 
nounced influence on lactation yield. 

The role of genotypic differences as a common source of variation in weight 
and production can be estimated from the components of variance and covari- 
ance between sires within herds. The estimates of genetic variance and covari- 
ance are 4 HS and 4 Cov,,. Table 11 presents the genetic correlations between 
weight and production. 

TABLE 11 
Genetic correlations between weight and production 
Milk Fat 


Holstein 35 
Guernsey é —4.49 
Jersey 3. —0.20 


Estimates outside normal limits are obtained for weight and milk in Jerseys 
and for weight and fat in Guernseys. Table 7 shows that the estimates of Covy, 
in Jerseys, and to a lesser extent in Guernseys, are rather erratic, with large 
positive and negative values occurring. This is the source of the aberrant behavior 
of the genetic correlations. Since the covariance estimates are more stable the 
larger the number in the breed sample, small numbers may be a source of inac- 
curacy. The results may reflect a lack of resolving power in the method of esti- 
mation of the variance and covariance components, where the numbers involved 
are comparatively small (the summed components agree closely with the com- 
puted total variances and covariances). 

Little can be said of the other Guernsey and Jersey estimates which are not 
invalid by inspection, in view of the accompanying disturbances. How much con- 
fidence can be placed upon the estimates of genetic correlation for Holsteins is 
questionable. The degrees of freedom for Holsteins exceed those for Jerseys and 
Guernseys by factors of 9 and 4, respectively, so the Holstein estimates should 
provide at least a general picture of the parameters involved. As expected, the 
correlations for milk and fat agree rather closely. 

The present results for Holsteins are compared in Table 12 with those of 
other workers. The estimate for milk agrees generally with that of Mason et al. 
for initial weight (weight prior to first-calving), whereas that for fat is of 
the general order of Touchberry’s result. The data used by Touchberry and 
Blackmore were corrected for age differences. Touchberry used the lactation 
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TABLE 12 
Comparison of various estimates of the genetic correlation between weight and production 


Source Breed Milk Fat 
Touchberry (15) Holstein —.53 .24 
Mason et al. (12) 

a. Initial weight Red Dane 25 
b. March weight Red Dane .02 
Blackmore et al. (3) Holstein —.02 
Present study Holstein 33 35 


record nearest the third birthday, whereas Blackmore employed the lifetime 
average of 3.5% FCM. The data employed by Mason et al. were obtained from 
first lactation records, so this study is more nearly comparable to the present 
analysis than are the studies of Touchberry and Blackmore. 

Multiple regression analysis. Partial regression coefficients (b) of production 
on age and weight, standard partial regression coefficients (b’), standard errors 
of the partial regression coefficients, and standard errors of estimate are pre- 
sented in Table 13, where differences between herds are ignored. 


TABLE 13 
Partial regressions of milk and fat production on age and weight 


Standard 
Partial coefficients partial coefficients 
Constant - 
Breed (a) SEE Dyt.z SE Dyes SE Db’ y1.2 b’ ye.1 
Milk 
Holstein 44.65 19.36 24 43 .02 -06 .29 
Guernsey 31.81 15.25 05 11 41 OF O01 .29 
Jersey 35.96 12.98 03 32 01 28 
Fat 
Holstein 15.70 7.05 10 15 01 06 29 
Guernsey 13.55 7.22 .04 05 20 02 03 31 
Jersey 24.27 7.24 00 .08 10 02 .00 18 


l=age, 2=weight, y= production, SEE =standard error of estimate, SE = standard 
error of regression coefficient. 


Age and weight appear to be rather poor predictors of production. In milk 
for Holsteins, for example, the standard error of estimate is almost 2,000 Ib., 
whereas the standard deviation of milk production is only slightly more than 
2,000 lb. Age appears to be a rather unimportant source of variation in produe- 
tion, since the age coefficients are not significantly different from zero for Jerseys 
and Guernseys. The standard partial regression coefficients, which measure the 
part of the standard deviation of the dependent variable contributed by the 
independent variable in question, indicate that weight is a more important 
influence than age on individual production records over a group of many herds. 

The variation upon which the estimates above are based contains a large 
amount of herd differences. Although no practical method of analyzing these 
herd variations is available, environmental characteristics peculiar to individual 
herds may be expected to be the chief components. To provide a clearer picture 
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of any existing relationships between weight and production, these environmental 
fluctuations were eliminated by computing regressions within herds. The intra- 
herd regressions of production on age and weight are presented in Table 14. 

Within herds the relative contributions of age and weight are virtually the 
reverse of the over-all situation. Age is now a slightly more important factor in 
production than is weight. A comparison of the over-all and intraherd partial 
coefficients shows that weight is a smaller source of variation in production 
within herds than over-all. Two observations may be made from these results: 
(1) The removal of differences between herds (chiefly environmental) also re- 
moves much of the variation in production associated with weight, and (2) varia- 
tion in production due to differences in age at first calving is much more important 
relative to weight within herds than on an over-all basis. The latter observation 
is due, in part, to a decrease in the total variation; however, all of the increase 
can not be attributed to this reduction. Apparently, there is a tendency for 
variation due to age to cancel out when the influence of differences between herds 
(probably largely nongenetic) is included. 


TABLE 14 
Within-herds partial and standard partial regressions of production on age and weight 
Partial coefficients Standard partial coefficients 

Breed by: 2 Dyes 
Milk 

Holstein .76 21 18 15 

Guernsey 90 18 24 15 

Jersey 57 20 19 
Fat 

Holstein 30 19 14 

Guernsey 45 08 26 14 


Jersey 29 20 15 


1=age, 2 = weight, y = production. 


DISCUSSION AND CONCLUSIONS 


The quantitative influence of weight on production in the first lactation was 
estimated by the methods of fitting constants and partial regression. The magni- 
tude of the least squares constants for weight and their economic values indicated 
that larger heifers had little or no economic advantage in the first lactation. 
Intraherd regressions indicated that only approximately 2% of the intraherd 
variation in production was directly attributable to weight. 

The relative importance of genetic and nongenetic factors to the relationship 
between weight and production was measured by genetic and ‘‘environmental’’ 
(between-herds) correlations. The genetic correlations were irregular for Jerseys 
and Guernseys, perhaps because of small numbers, but the correlations for 
Holsteins indicated that the genotype may make an important contribution to 
correlated changes in weight and production. The between-herds correlations 
were of the order of .5. 

The results indicate that the influence of weight on production, although 
relatively small, is largely the product of factors such as those expressed through 
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differences among herds. These factors are thought to be chiefly environmental 
in nature, such as herd-to-herd variations in level of nutrition. The work of 
Reid et al. (14) indicates that these differences act upon weight and production 
in a similar manner, rather than on production through weight. Reid’s experi- 
ment also suggests that the plane of nutrition during the first lactation is more 
critical for production than is the level of nutrition prior to the productive period. 
In the present data, the plane of nutrition would probably be little changed over 
the period of life studied, whereas the three groups of animals in Reid’s experi- 
ment were treated differently prior to first calving but similarly thereafter. 

Although nongenetie factors appear to be of primary importance to the 
relationship between weight and preduction, no conclusive statement can be 
made concerning the extent of the genetic contribution. Further investigation 
of the genetic correlation between growth and lactation is essential to clarify 
the role of body weight as a guide to the genetic improvement of cattle for milk 
production. 

Further light might be shed on the subject if it were known whether there 
has been a consistent trend in size in connection with prolonged selection for 
milk production. If the correlation is as high as the Holstein results indicate, 
the size of animals should be increasing with selection for production of more 
milk. Mason et al. (12), in a study of Red Dane cattle, concluded that selection 
for milk yield alone would produce a taller cow with less fleshing and a tendency 
to convert flesh into milk during lactation. The bases for this conclusion were 
genetic correlations of —.45 between milk production and weight gain during 
lactation and .31 between height and production. 

Several authors (4, 17) have suggested that production data be corrected 
for differences in size. The present results indicate that the intraherd direct in- 
fluence of weight on production is only about 2% of the total variation in produe- 
tion. If this association is proven to be entirely environmental, correction for 
weight differences may be worthwhile. If a marked genetic correlation exists, 
some of the variation due to weight is her:table. Under this condition, corrections 
for weight differences would remove some of the genetic variation in production. 

Since the present results indicate that the larger heifer is not a more economi- 
cal producer than the smaller heifer (in the first lactation), especially if the 
larger heifer is also older, it is questionable whether body size should be empha- 
sized any more than necessary to prevent possible deleterious effects on productive 
life. 

Although the partition of the weight-production relationship between genetic 
and environmental factors is not entirely clear, the results of the present study 
indicate that the magnitude of weight effects on production is not large enough 
to show economic advantage. Therefore, the primary consideration of body 
weight in management would seem to be to develop dairy heifers as rapidly as 
possible to calve them at least at an earlier age than those in the sample studied. 
Since the length of the generation interval is one of the chief obstacles to rapid 
genetic improvement of dairy cattle, some gain in time can be made in progeny 
testing through earlier calving. 
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ENDOCRINE ACTIVITY OF CORPORA LUTEA FROM FIRST- 
SERVICE AND REPEAT-BREEDER DAIRY HEIFERS! 


W. D. FOOTE, R. G. ZIMBELMAN,’ R. G. LOY,’ anp L. E. CASIDA 
Department of Geneties, University of Wisconsin, Madison 


SUMMARY 


Comparisons of weight, per cent of functional luteal cells, progesterone concentra- 
tion, and total progesterone content of corpora lutea were made between seven first-service 
and seven repeat-breeder dairy heifers and between corpora lutea from two consecutive 
estrual cycles within these groups. Each heifer was allowed to have at least one normal 
estrual cycle and on the 14th day after heat the corpus luteum was removed through a 
supravaginal incision, leaving both ovaries intact. Most of the heifers returned to heat 
and ovulated within three or four days after the operation, and from them a second 
corpus luteum was removed on the 14th day, either by operation or slaughter. 

Differences between first-service and repeat-breeder heifers were statistically non- 
significant for all four variables. The first corpus luteum was significantly heavier than 
the second for first-service and repeat-breeder heifers combined (P < 0.05). None of the 
other three variables differed significantly between first and second corpora lutea. 

Repeatability from first to second corpora lutea, as estimated by intraclass correla- 
tions, was as follows: corpora lutea weights, 0.34, per cent functional cells, 0.16, proges- 
terone concentration, 0.53, and total progesterone content, 0.53. 

There was a tendency for both first-service and repeat-breeder heifers to develop cystic 
follicles or to produce twin ovulations following the removal of one or two corpora lutea. 


Differences have been sought between normal farm animals and those of 
functionally lowered fertility, as possible clues to the cause of repeat-breed- 
ing. Tanabe and Casida (4) found that embryonic death before the 34th day 
after breeding largely was responsible for lowered fertility in a group of repeat- 
breeder dairy cows. Hawk et al. (2) further reported that most early embryonic 
deaths in repeat-breeder cows occurred between 16 and 25 days post-breeding. 
Theoretically, subnormal progesterone levels after breeding may cause early 
embryonic death in repeat-breeders. Wiltbank eft al. (5) found that the pro- 
portion of cows having normal embryos at 34 days was slightly greater in repeat- 
breeders receiving daily injections of progesterone than in similar untreated 
animals. 

In the present study, comparisons were made of the corpora lutea of first- 
service and repeat-breeder dairy heifers as to weight, progesterone content and 
proportion of functional luteal cells. The repeatability of these variables in 
consecutive corpora lutea within heifers also was studied. 
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MATERIALS AND METHODS 


The experiment was planned to study three consecutive corpora lutea from 
each of ten first-service and 11 repeat-breeder heifers. It was found, however, 
that abnormal ovarian activity tended to follow the removal of functional corpora 
lutea. Nine cystic follicles developed (three after the removal of the first corpus 
luteum and six after the second) and four twin ovulations oeceurred (three after 
the first, and one after the second, corpus luteum was removed). A total of 47 
removals was made from the 21 heifers. Only seven first-service and seven repeat- 
breeder heifers produced two consecutive corpora lutea and were included in the 
statistical analysis. 

All of the animals were purchased from Wisconsin farmers and not more 
than one repeat-breeder was taken from one farm. Only heifers which had been 
bred unsuccessfully at least four times, and whose reproductive systems appeared 
clinically normal upon rectal palpation, were accepted as repeat-breeders. The 
first-service and repeat-breeder animals were run on the experiment concurrently 
and all were subjected to essentially the same environment. After being placed 
in the experimental group, each animal was allowed to have at least one normal 
estrual cvele. Two consecutive corpora lutea were then removed from each heifer. 
The first, and in some cases the second, was removed by surgery, through a supra- 
vaginal incision, and the remainder was obtained at slaughter. All corpora lutea 
were obtained 14 days after estrus. 

Each corpus luteum was weighed and a small portion was fixed in Bouin’s 
solution, sectioned, and stained with hematoxylin and eosin for histological study. 
The luteal cells were classified into five different types, using the classification 
of Foley and Greenstein (1). Types I and II cells, which had vesicular nuclei, 
were combined, as were Types III, IV, and V, which had pyknotie and shrunken 
nuclei. A differential count of five microscopic fields was made for each corpus 
luteum and the per cent Type I plus Type II of the five types of cells was cal- 
culated. These percentages, transformed to angles, were used in the statistical 
analysis. 

The remaining portion of each corpus luteum was stored in 95% ethanol 
at a subzero temperature and subsequently analyzed quantitatively for proges- 
terone content, using the method of Loy et al. (3). 

Corpora lutea weights, per cent Type I and II luteal cells, progesterone 
concentration, and total progesterone content were analyzed statistically for 
differences between first-service and repeat-breeder heifers and between first 
and second corpora lutea (the second corpus luteum being the product of an 
estrus following an artificially shortened cycle), and for effects of an inter- 
action between these two. Intraclass correlations were calculated as an estimate 
of the within-heifer repeatability of the four variables studied. A small amount 
of luteal tissue was lost from one gland during removal from a first-service 
heifer and, consequently, data from only six heifers in this group were ana- 
lyzed for variation in corpora lutea weights and total progesterone content. 
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RESULTS AND DISCUSSION 
The ranges and averages of the weights, percentages of Type I and II luteal 
cells, progesterone concentrations, and total progesterone contents of the first 
and second corpora lutea for both first-service and repeat-breeder heifers are 
shown in Table 1. 

The respective averages (first and second corpora lutea combined) for first- 
service and repeat-breeder heifers were as follows: corpora lutea, weight 4.37 
and 3.77 g., per cent Type [I and II cells, 77.5 and 75.7, progesterone concentration, 
33.5 and 37.4 wg. per gram luteal tissue, total progesterone content 138.8 and 
143.3 pg. Differences between first-service and repeat-breeder heifers were statis- 
tically nonsignificant for all four variables. No evidence was provided, therefore, 
that a progesterone deficiency exists in repeat-breeders at this stage of the estrual 
eycle. This test would not necessarily preclude the existence of a difference in the 
corpora lutea in which both production and release rates of progesterone were 
higher in one group than the other. It is assumed, however, that a difference in 
rate of production would be manifest by a difference in per cent of Type I and IT 
luteal cells, and variations in rate of release only would result in a corresponding 
variation in gland content of the steroid. The correlation (within classes of 
heifers and order number of corpora lutea) between progesterone concentration 
and per cent Type I and II cells was found to be 0.57 (P < 0.01). 

It may be that a subnormal progesterone level is a factor in lowered breeding 
efficiency but that the deficiency arises later than the 14th day. The possibility 
of a drop in progesterone release at the time that maintenance of the corpus 
luteum is shifted from mechanisms of the estrual cycle to those of pregnancy 
needs yet to be examined. Theoretically, an excessive drop in repeat-breeders 
could account for a high incidence of embryonic death between Days 16 and 25, as 
shown by Hawk et al. (2). None of the animals in the present study was bred, 
so a comparison between bred heifers at 14 days was not made. 

The average weights of first and second corpora lutea for first-service and 
repeat-breeder heifers combined were 4.29 and 3.80 g., respectively. The differ- 
ence between these is statistically significant. None of the remaining three 
variables differed significantly between first and second corpora lutea. The 
respective averages for first and second corpora lutea when first-service and 
repeat-breeder corpora lutea were combined were as follows: per cent Type I 
and II cells, 78.0 and 75.2, progesterone concentration, 34.7 and 36.1 pg. per gram 
luteal tissue, total progesterone content, 148.1 and 134.4 yg. 

The repeatability within heifers of the four variables studied was estimated 
by intraclass correlations. This intraclass correlation was statistically significant 
for corpora lutea weights (0.34, P < 0.05), progesterone concentration (0.53, 
P < 0.01), and total progesterone content (0.53, P < 0.01), but was nonsignifi- 
cant for per cent Type | and II cells (0.16). Whether genetics, environment, or 
a combination of the two is responsible for this individuality of heifers in prog- 
esterone production is not known. 
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PRODUCTION AND GROWTH OF DAIRY COWS REARED 
ON SILAGE OR HAY RATIONS 


J. W. THOMAS, J. F. SYKES, anp L. A. MOORE 
Animal Husbandry Research Division, USDA, Beltsville, Md. 


SUMMARY 


Butterfat, milk production, and body weights of heifers reared on hay or alfalfa 
silage rations were compared. Those reared on silage, with resulting smaller size at 2 yr. 
of age, produced somewhat less butterfat and milk during the entire first lactation than 
did the heifers reared on hay or hay and silege. These differences were not statistically 
significant. At later ages, the heifers reared on silage had nearly the same body weights 
as those reared on hay rations. 


Dairy heifers reared on wilted alfalfa silage or on this silage plus corn silage 
as the only forage were smaller at calving time than heifers reared on hay (8, 10). 
The silage-fed heifers also consumed less nutrients than did the heifers fed hay. 
The subsequent milk production and growth of such animals were investigated 
and the data are presented in this report. Results of a corollary experiment, in 
which the effect of restricted energy intake during the rearing period on subse- 
quent production was examined, are also presented. 


EXPERIMENTAL PROCEDURE 


Details of the dietary treatments and body weights up to 2 yr. of age were 
presented in previous publications (8, 10). To study milk production, these 
animals were placed into four groups according to previous ration. Animals in 
(jroup A were reared on alfalfa hay and were composed of the heifers in Groups 1 
and + of previous publications (8, 10). Animals in Group B were reared on 
alfalfa silage plus limited amounts of hay and were composed of heifers in 
Groups 2 and 6 of previous publications (8, 10). Animals in Group C were 
reared on alfalfa silage and grain and represent heifers in Group 7 of a previous 
publication (10). Animals in Group D were reared on silage and were composed 
of heifers in Groups 2C, 3, 5, and 8 of previous publications (8, 10). 

During the first lactation, approximately half the heifers of each group were 
continued on the forage on which they were reared. The remainder were changed 
to alfalfa hay and corn silage at calving time. This ration also included some 
pasture and other roughages when the animals were over 2-3 mo. in lactation, 
and will be referred to as the herd ration, or Ration 1. All animals were fed 
Ration 1 during subsequent lactations. 

In the corollary experiment, five Jersey heifers (Group E) were reared on a 
limited energy intake, which amounted to about 70% of that consumed by seven 
full-fed heifers (Group F). They were fed alfalfa hay as the only forage, plus 
a concentrate mix. The intake of protein, calcium, and phosphorus during the 
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rearing period was equalized for both groups by feeding corn meal, corn gluten 
meal, and mineral mixes as necessary to Group E. 

Milk and fat production was obtained from daily milk weights and butterfat 
tests made on a composite milk sample obtained on two consecutive days every 
ten days. During lactation a grain mixture was fed at the rate of 1 lb. for every 
3 lb. of milk for Jersey animals and 1:4 for Holsteins. All cows were weighed 
three consecutive days per month or two days every ten days. Body weights at 
yearly intervals were calculated from all weights obtained 1 mo. previous to and 
1 mo. after the yearly anniversary date without considering stage of pregnancy. 


TABLE 1 
Information on calving record of animals fed the different rearing rations 
Cc 
A B Silage D 
Hay Silage + Hay + Grain Silage E F 
Rearing Ration No. 1,4 2,6 7 2C,3,5,8 Limited Full 
ration ration 
Rearing forage Hay Silage+hay Silage Silage Hay+grain Hay+ 
+ grain grain 
Age at calving (mo.)” 27.7 27.1 28.1 27.7 25.4 27.3 
Services/conception” 23 2.0 2.4 22 8 2.8 
Disearded heifers (% ) 11 12 8 12 0 14 
Calves, stillbirths (% )” 13 0 8 8 0 0 
No. born 24 35 12 51 5 6 
Size (% std.)*"” 82 85 81 79 76 82 
Standard deviation +15 = 9 +15 +13 + 4 +13 
No. of heifers that be- 
came prematurely dry 
Ration 1 0 0 1 3 0 0 
Ration 2 1 2 2 1 0 0 


* Birth weight calculated as per cent of standard for the respective breed and sex, Refer- 
ences 5 and 6. 
» No statistically significant differences between groups. 


The data on milk and fat production for the first lactation only, for animals 
in Groups A, B, C, and D during the first 60 days and for 305 days, were analyzed 
statistically by fitting constants for unequal subclass numbers, as outlined by 
Yates (11) and Henderson (3, 4). Constants were fitted simultaneously for 
groups, rations, breeds, and all two-factor interactions... The adjusted least- 
squares means are presented in Table 2. A separate one-way clasification analysis 
of variance was used for data on reproduction with breeds combined, but for data 
on body weights it was performed on data for each breed at each age indicated. 


RESULTS 


Information on reproductive performance and calving record is given in 
Table 1. These data indicate that age at calving, services per conception, percent- 
age of heifers discarded, and size of calves apparently were not influenced by 
rearing ration. Heifers were discarded if they were not pregnant when they 


* The assistance of W. R. Harvey, Biometrical Services, A.R.S., in applying these methods 
to these data is gratefully acknowledged. 
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became 2 yr. of age. The extent to which the rearing ration was responsible for 
this appears questionable, since there was evidence of vibrio infection at this 
time in the herd; however, it was not extensive enough to affect the breeding 
performance of cows in the herd. 

There were six heifers in Groups C and D that voluntarily dried off at an 
eai.,, date, compared to only three in Groups A and B. This is indicated in the 
bottom portion of Table 1. Any effect of ration f-d during lactation was not 
apparent. 

The butterfat and milk production during the first 2 mo. of lactation was 
greater for the animals in Groups A and B than for those in Groups C and D 
(P < 0.01 or 0.02, Table 2). Butterfat and milk production for the 305-day 
period also was more for the same groups, but in only one comparison (milk— 
Group B > Group D) was the difference of statistical significance. These data 
indices *» that the rearing ration, with its -ffect on size of heifer at parturition, 
had a greater influence on the level of milk ad fat production in the early portion 
of the first lactation than on later or total production. 

In comparing the production of lactating heifers fed rearing rations, as 
compared to heifers fed herd ration, there was little difference in the average 
milk or butterfat production when all groups were combined. However, in 
Groups C and D production was less when fed the rearing ration than when 
fed herd ration (1,319 and 607 Ib. milk for Groups C and D, respectively). 
These results suggest that the relatively lower production of the C-2 and D-2 
subgroups, when compared to the A-2 and B-2 subgroups, was at least partially 
due to the inadequacy of the ration fed during lactation. Thus, the possible 
carry-over effect of size of animal at parturition may have been negligible. This 
is indicated by the similarity in milk production for subgroups A-1, B-1, C-1, 
and D-1. 


The significant group-breed interaction was due mainly to the different re- 
sponses of the animals in Groups B and C. Holstein animals reared on silage 
and hay (Group B) produced slightly more than those in Group A, but the 
Jersey animals in Group B produced noticeably less milk and butterfat than 
did the Jersey animals in Group A. The Holstein animals reared on silage and 
grain (Group C) produced as much as those in Groups A and B, but the Jersey 
animals in Group C produced the least of any group. 


In the corollary experiment, the milk and fat production during the first 
lactations of the restricted Group (E) was slightly more than that of the animals 
in Group F. Milk production during the first 60 days was 1,337 and 1,321 Ib. 
and during the 305-day lactation, 6,625 and 6,543. Mean butterfat production 
and standard deviation for Groups E and F during the first lactation was 
374 + 41 and 373 + 31. Similar values for the second lactation were 450 + 78 
and 394+ 50, respectively. Certainly, the restriction of energy during the 
rearing period of animals in Group E did not reduce their rate of production 
during the first two lactations below that of heifers reared under normal feeding 
practices. 
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TABLE 2 


Least-squares means (adjusted) of butterfat and milk production during 
first lactation for main effects and subclasses 


60-Day period 305-Day period 
Classification Cows Butterfat Milk Cows Butterfat Milk 
(No.) (lb.) (lb.) (No.) (1b.) (1b.) 
Groups (G)—Rearing ration 
A (Hay) 23 76' Loe 20 301 6,580 
B Silage + hay 35 74" 1,757' 31 305 6,699! 
C Silage + grain 11 66° 1,503* s 285 6,398 
D Silage only 49 66* 1,517° 44 275 6,019' 
Average (22) 118 71 1,620 103 291 6,424 
Rations (R)—Milking ration 
1 (Herd) 5 72 1,680 47 299 6,676 
2 (Rearing ration ) 62 69 1,560 56 283 6,172 
Breeds (B) 
Holstein 54 77 1,963 49 301 7,732 
Jersey 64 64 1,277 54 282 5,116 
G-R subclasses 
A-l 7 77 1,744 5 294 6,528 
A-2 16 75 1,661 15 307 6,631 
B-1 18 76 L772 16 312 6,795 
B-2 17 73 1,742 15 298 6,602 
C-1 4 65 1,594 3 305 7,058 
C-2 7 66 1,412 5 264 5,739 
D-1 27 69 1,608 23 287 - 6,323 
D-2 22 62 1,426 21 264 5,716 
G-B subelasses 
A-Holstein 12 77 1,961 10 295 7,634 
A-Jersey 11 75 1,445 10 306 5,525 
B-Holstein 15 83 2,170 14 319 8,324 
B-Jersey 20 66 1,343 17 291 5,073 
C-Holstein 5 81 1,998 5 316 8,127 
C-Jersey 6 50 1,009 3 254 4,669 
D-Holstein 22 68 1,722 20 272 6,841 
D-Jersey 27 64 1,312 24 278 5,198 
R-B subclasses 
1-Holstein 26 80 2,063 24 309 7,996 
1- Jersey 30 64 1,296 2% 290 5,356 
2-Holstein 28 75 1,862 25 292 7,467 
2-Jersey 34 64 1,259 31 275 4,877 
Mean squares* (df) (x 108) (df) (X 10*) 
G 3 842* 472** 3 6,023 3,086 
R 1 159 283 1 3,987 3,951 
B 1 3,887** 9,968** 1 5,561 111,354** 
GR 3 83 45 3 968 633 
GB 3 1,407** 442* 3 4,117 4,596 
RB 1 177 185 1 38 15 
GRB 3 288 64 3 2,515 535 
Error 102 268 118 87 3,630 1,750 


“The least-squares given were adjusted for unequal frequencies with respect to all effects 
except three-factor interaction by least-squares. 


P< 0.01; 2>3,P=0.02;. 1 P< 0.05; *=P< 0.05; **=P<0.01. 
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In general, the animals reared on silage rations (Groups C and D) produced 
somewhat less butterfat and milk than did those reared on hay or silage and 
hay (Groups A and B). However, the differences were just short of statistical 
significance when the entire lactation was compared, but were significant when 
the early portion of the lactation period was compared (Table 2). There was 
an indication that animals reared on silage produced more milk and butterfat 
during the first lactation, when the lactating ration was alfalfa hay and corn 
silage, than when it was alfalfa silage (C-1 and D-1 compared to C-2 and D-2, 
Table 2). In the corollary experiment there was an inappreciable difference in 
butterfat or milk production of animals that were reared to calving time on rations 
adequate or limited in energy. These results are in good agreement with milk 
production data published on animals reared on three planes of nutrition (2, 7). 
Similarly, rats fed on a restricted ration to parturition, thus reducing body size 
at this time, produced as much or more milk than females reared with an un- 
limited feed intake when results were based on litter growth (9). 


TABLE 3 


Body weight at yearly intervals of animals fed the different rearing rations 


Rearing Group No........... 2 3 4 5 6 7 
Holstein females 
A (1b.) 1,159 1,241 1,313 1,347 1,370 1,411 
(No.) 9 9 6 4 4 1 
B (1b. ) 1,068 1,115 1,190 1,352 1,337 1,281 
(No.) 14 14 10 5 3 3 
Cc (1b.) 1,075 1,087 1,166 1,133 1,282 
(No.) 5 5 4 2 1 a, 
D (1b. ) 969 1,069 1,209 1,294 1,307 1,414 
(No.) 20 20 12 5 2 1 


Jersey females 


A (1b.) 737 751 828 890 940 937 
(No.) 10 10 s s 5 1 

B (Ib.) 710 777 853 891 914 1,024 
(No.) 1s 18 13 s 3 2 

698 732 S02 946 
(No.) 4 4 2 1 

D (1b.) 650 744 845 947 966 945 
(No.) 26 26 18 12 8 $ 

E (1b. ) 683 768 844 858 899 903 
(No.) 5 5 5 4 4 4 

F (1b.) 760 795 S96 954 919 955 
(No.) 5 5 5 4 2 2 

Holsteins + Jerseys (as per cent of weight at 2 yr.) 

\-1 100 103 115 119 125 127 

A-2 100 105 110 

B-1 100 107 117 125 127 128 

B-2 100 108 113 ” 

C-1 100 112 119 217 117 

C-2 100 98 105 _ 

D-1 100 112 12% 136 138 : 135 

D-2 100 113 123 

q-1 100 112 124 123 129 129 

F-1 100 105 118 131 133 138 

Normal" 100 116 123 125 129 133 


“ References (5) and (6). 
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The average body weight at yearly ages of the animals is given in Table 3. 
The differences in body weight among the four Holstein groups or the six Jersey 
groups were not statistically significant at 4, 5, or 6 yr. of age. At 5 or 6 yr. 
of age the body weight of Holstein animals in Group D was still slightly less 
than the weight of animals in Groups A, B, or C. Jersey animals in Groups 
A, B, C, D, and F all had approximately the same body weights at 5, 6, and 7 yr. 
of age, but those in Group E were slightly lower at these ages. 

The animals in Groups D and E gained more during the third and fourth 
years of life than did the animals in Groups A, B, C, or F. At 3 and 4 yr. of 
age the body weight of animals in Groups D and E had a larger percentage 
increase over their weight at 2 yr. of age than did the animals in Groups A, B, 
C, or F (bottom portion, Table 3). 

Those in Groups A, B, and D gained the same from 2 to 3 yr. of age when 
fed Ration 1 as when fed Ration 2, whereas those in Group C on Ration 2 gained 
somewhat less than those on Ration 1 (98 vs. 112%—bottom portion, Table 3). 
At 4 yr. of age those that had been fed Ration 2 during the first lactation had 
gained slightly less than those fed Ration 1. 

These results extend and confirm the results of other investigators showing. 
that a restriction of growth during the rearing period results in animals that 
are slightly smaller at the older ages than heifers that are full-fed (1, 7). The 
difference observed in body weight at 2 yr. of age progressively decreases with 
advancing age and, in some instances, may eventually become nil. 
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INTAKE AND VALUE FOR MILK PRODUCTION OF OAT SILAGES 
ENSILED AT THREE STAGES OF MATURITY AND 
PRESERVED WITH SODIUM METABISULFITE ? * 


F, A. MARTZ, C. H. NOLLER, D. L. HILL, anp M. W. CARTER * 
Dairy Department, Indiana Agricultural Experiment Station, Lafayette 


SUMMARY 


The intake and value for milk production of oats ensiled at three stages of maturity: 
boot, early-milk, and soft-dough, were compared with each other and with an alfalfa- 
grass mixed silage. Twelve milking cows were used in an extra-period 4 X 4 Latin square 
changeover design. In this experiment, the oat silages supplied 86.6-88.0% and the 
alfalfa-grass silage 86.1% of the total forage dry matter intake. Dry matter intake of 
the soft-dough stage oats was the highest, but the TDN intake was higher with the boot- 
stage oats. Differences between oat silages for milk production were correlated with differ- 
ences in TDN intake from the silages. Acceptable silages were made at all three stages 
of maturity. It was concluded that the optimum stage to ensile oats is at the boot stage 
or soon thereafter. Sodium metabisulfite was a satisfactory preservative. 


The fundamental objective underlying all attempts to conserve oats as a 
forage crop is to effectively preserve the nutrients in a palatable condition. 
However, oat silage feeding to dairy cattle generally has been disappointing. 
Chemical analyses have indicated marked changes in composition of oat forage 
with advance in maturity when harvested as hay (9) or silage (11). The optimum 
stage to harvest the oat plant as a feed, and the proper methods for ensiling 
to ensure a quality product, have not been established. It has been shown that 
additives or preservatives are beneficial when ensiling certain green crops (12). 
Hill et al. (3) found that the boot stage was the most favorable stage for obtain- 
ing a desirable silage fermentation without the use of an additive. For milk 
and dough stages, an additive was desirable. McCullough et al. (8) obtained 
optimum preservation and feeding value at the prebloom stage and concluded 
that ground snap corn was.a beneficial preservative but that sodium metabi- 
sulfite was unsatisfactory. Thurman ef al. (11) concluded that oats should be 
ensiled between the boot and milk stage. 

The purpose of this investigation was to compare the intake and value for 
milk production of oats ensiled at three stages of maturity and preserved with 
sodium metabisulfite. 

EXPEKIMENTAL PROCEDURE 


Clintland oats were harvested for silage at three stages of maturity: (1) boot, 
just prior to complete emergence of the inflorescence from the sheath, (II) early- 
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milk, and (III) soft-dough. An alfalfa-Ladino-bromegrass mixture (IV) was 
ensiled as a control silage when the alfalfa was in the 1/10 bloom stage. All 
forages were direct-cut, treated with 6-8 lb. of sodium metabisulfite per ton, and 
ensiled in upright steel silos. Sodium metabisulfite has been shown to be an 
effective preservative (2), and was used because it contributed no food value. 

Intake and milk production were studied, using 12 lactating cows in the 
period between peak-lactation and mid-gestation. The cows were divided into 
three groups of four cows each, so that animals within a group were producing 
at comparable levels. A balanced extra-period 4 4 Latin-square changeover 
design with three squares was used (7). The three groups were allotted to three 
squares and the animals were randomly assigned to the treatment sequences. 

The treatment periods were 15 days in length, composed of a seven-day 
adjustment period followed by an eight-day experimental period. The final 
analyses were made on the data from the eight-day experimental period. 

Immediately prior to the experiment, the animals were allowed 2 wk. to adjust 
to the experimental feeds and routine. The silages were fed in ad libitum amounts 
five or six times daily. A grain mixture containing 18.8% crude protein was 
fed at the rate of 1 lb. of grain for each 6 lb. of fat-corrected milk (FCM) pro- 
duced. The composition was as follows, in pounds: ground corn, 400; ground 
oats, 200; soybean oil meal, 200; steamed bone meal, 8; and iodized salt, 8. 
Changes in amount of grain fed were made at the beginning of each treatment 
period, based on production during the preceding experimental period. Good- 
quality alfalfa hay was fed at 0.3 Ib. daily per 100 lb. body weight, based on 
weights obtained three consecutive days prior to the first treatment period. 

During the experiment, the cows were weighed at the same time of day on the 
last three days of the seven-day adjustment period and the last three days of 
the eight-day experimental period. 

Silage samples were taken weekly for detérmination of moisture, titratable 
acidity, and pH. The per cent moisture was determined by the toluene distil- 
lation method. The samples were stored in a deep freeze; later, they were com- 
posited and oven-dried. Chemical analyses of the silages, hay, and grain were 
made, using accepted A.O.A.C. procedures (1). The proximate analyses of the 
grain, hay, and silages are shown in Table 1. 

The data were analyzed according to the statistical procedures outlined by 
Lueas (7). Individual differences among silages in dry matter intake and FCM 


TABLE 1 
Proximate analyses of grain, hay, and silages 
Dry Crude Crude —_ Ether Titratable 
Feed matter protein fiber extract Ash N.F.E. pH acidity 

Silage I 21.0 2.33 6.74 1.13 2.08 8.75 4.40 0.79 
Silage II 23.5 2.56 7.21 0.92 2.46 10.34 4.65 0.57 
Silage ITT 29.9 2.87 8.97 1.06 2.96 14.04 4.60 0.84 
Silage IV 25.5 3.08 9.25 1.07 2.06 10.02 4.39 1.11 
Grain mix 90.7 18.78 5.80 3.17 4.90 ee ees 


Hay 90.7 14.79 33.36 2.17 5.90 33.80 
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produced were tested for significance with the Neuman-Keuls Sequential Range 
Test (4). 

Total digestible nutrient (TDN) values were obtained for the oat silages, 
using nine 8-mo.-old Holstein bulls which had been on high roughage programs. 
Three animals were assigned at random to each of the oat silages. The procedure 
for a conventional digestion trial was followed, with the exception that plastic 
bags were used for collecting the feces (10). A 21-day preliminary period was 
followed by a seven-day fecal collection period. 


RESULTS AND DISCUSSION 

The oat silages used in the experiment were readily consumed and supplied 
86.6-88.0%, and alfalfa grass silage 86.1%, of the dry matter intake from 
forage. The average daily feed intakes are presented in Table 2. Analyses of 
variance of silage dry matter intakes (Table 3) show a significant difference 
between silages. The dry matter intake of Silage III was significantly higher 
than that of Silages I, I], and IV. The differences in intake among Silages I, IT. 
and IV were small and not significant. Even though the cows consumed 3.5 Ib. 
more dry matter daily when fed Silage III as compared to Silage I, the daily 
TDN intake was 0.98 lb. greater from Silage I, because the TDN value of the dry 
matter (10) was 67.1 and 54.1 for Silages I and III, respectively. The TDN 
intake from the silages ranged between 69.6-74.9% of the total. 


TABLE 2 
Average daily feed intake, milk production, and body weights 


I 
Boot Early-Milk Sott-Dough Alfalfa-grass 


Silage dry matter (/b.) 21.90 21.00 25.40" 19.90 
TDN from silage (1b.) 14.68 12.79 13.70 11.12 
Grain (1b.) 4.13 3.86 4.00 4.06 
Hay (lb.) 3.57 3.59 3.84 3.55 
FCM produced (1b.) 23.30” 21.10 22.20 21.70 
Lb. TDN/Ib FCM 84 74 
Body weight (/b.) 1,190 1,186 1,189 1,182 
Weight change (1b.) +.42 +.24 —1.21 —.85 


* Significantly different from Silage I (P < 0.05) and from Silages II and IV (P< 0.01). 
" Significantly different from Silage II (P < 0.05). 


TABLE 3 
Analysis of variance of data on average daily silage dry matter intakes 


Source Degrees of freedom Mean square F value 


Total 

Square 442.20 
Cow in squares § 13.12 
Periods 2.31 
Periods X squares 3.77 
Direct effect 80.00 
Direct effect X square 9.86 
Residual : 11.19 
Residual X square } 3.96 
Error 4.53 


* Significant at the 0.01 level of probability. 


Feed consumption 
61.10" 
2.91 
<3 
<3 
17.66" 
2.17 
2.47 
<i 
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There is evidence that the type of fermentation will affect the acceptability 
of the resulting silages. Therefore, dry matter intakes are influenced by fermen- 
tation characteristics as well as by the nutritive value of the forage. Laboratory 
evaluation indicated that the silages had undergone satisfactory fermentations. 
None of them had offensive odors. They were not slick or slimy to the touch. 
The color was good, indicating that they had not developed excessively high 
temperatures. The pH and titratable acid values (Table 1) were representative 
of silages treated with sodium metabisulfite. The boot-stage silage developed 
a lower pH than the soft-dough or early-milk stage silages. These results are in 
agreement with previous findings that oats harvested during the boot stage 
developed lower pH values (3). In disagreement with the suggestion that sodium 
metabisulfite is not a satisfactory preservative for oat silage (8), animal accept- 
ance of the oat silages indicated that sodium metabisulfite was an effective pre- 
servative for making oat silages at these stages of maturity. 

The treatment means for daily FCM are presented in Table 2. The cows 
on Silage I produced more FCM than those on the other silages. The only sig- 
nificant difference was between Silages I and II (P< 0.05). The F@M for the 
other two silages was intermediate. The differences between oat silages in milk 
yield were correlated with differences in TDN intake. The similarity in TDN 
from the three oat silages is illustrated by TDN consumption per pound of FCM 
produced (Table 2). The more efficient conversion of TDN from the grass- 
legume silage may be a reflection of a more favorable nutrient content or combi- 
nation. Thus, intake, subjective evaluation, and chemical composition are only 
partly reliable measures for comparing the milk-producing potential of oat 
silage and other types of silage. The low value of TDN from oat silages for milk 
production has also been observed by other workers (5, 6). 

The extra-period Latin square changeover design permitted the measurement 
of carryover effect (7). The analyses of variance of silage dry matter intakes 
(Table 3) and FCM (Table 4) showed that, if present, any carryover effects 
were essentially completed within the first seven days on a new treatment. 
Although this design would have permitted the adjustment of the means to 
eliminate carryover, this was not necessary. The length of time required to 


TABLE 4 
Analysis of variance of data on average daily fat-corrected milk produced 

Source Degrees of freedom Mean square F value 
Total 59 
Square 2 1,070.90 285.04” 
Cow in squares 9 125.72 33.46 
Periods + 95.22 25.34 
Periods X square 8 2.72 1 
Direct effect 3 12.25 3.27° 
Direet effect square 6 2.79 1 
Residual 3 4.07 1.08 
Residual X square 6 2.00 1 


Error 17 3.75 


* Significant at the 0.05 level of probability. 
» Significant at the 0.01 level of probability. 
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eliminate the carryover effect in a particular experiment would, no doubt, be 
markedly influenced by the factors being studied. 

Although the cows were weighed at regular intervals, the significance of the 
values obtained (Table 2) is subject to doubt because of the short experimental 
periods. Also, the values obtained do not differentiate between true and pseudo 
body weight changes. 

The data suggest that acceptable oat silages can be made at all of the stages 
of maturity studied, and that sodium metabisulfite is a satisfactory preservative 
for making silages with excellent fermentation characteristics. Also, they indi- 
eate from the standpoint of fermentation and milk production that oats should 
be harvested for silage at approximately the boot stage, or soon thereafter. Since 
oats often are used as a nurse crop for new seedlings of legumes and grasses, the 
earlier removal of the oats would conserve soil moisture and give the legume or 
grass seeding a better opportunity for growth. It would appear that the differ- 
ences between these oat silages are due essentially to the amount of TDN sup- 
plied. The TDN in silage made from Clintland oats was not used as efficiently 
for milk production as the TDN from the legume-grass silage. 
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A COMPARISON OF ZERO, MODERATE, AND LIBERAL LEVELS OF 
GRAIN FEEDING FOR LACTATING COWS ON PERMANENT, 
IMPROVED, AND SUPPLEMENTAL PASTURE ! 


D. R. DOWDEN, D. M. SEATH, B. F. BROWN, ann D. R. JACOBSON 
Dairy Section, University of Kentucky, Lexington 


SUMMARY 


Two grain-feeding trials, involving the continuous employment of 24 and 18 lactating 
dairy cows, were conducted during the 1956 and 1957 pasture seasons. Three types of 
pasture were utilized in each of the two seasons. The feeding of a moderate (5-6 lb.) 
or a liberal (10-12 lb.) amount of grain had no significant effect on milk production or 
on body weight. 

Grain feeding caused a reduction in the consumption of pasture dry matter of 1.8-3.8 
and 3.0-7.5 lb. at the moderate and liberal rates of grain feeding. The net gains in total 
dry matter consumption were 1.3 and 1.4 lb. for the moderate and liberal grain levels in 
1956. In 1957, these values were 2.4 and 5.5 lb., respectively. The different response from 
grain feeding in the two seasons likely was due to a lower-quality pasture in 1957. 

In both trials, there was a highly significant difference in average dry matter digesti- 
bility among pastures in favor of orchardgrass—Ladino clover and orchardgrass—Ladino 
clover plus Sudan grass over Kentucky bluegrass—white clover pasture. Protein digesti- 
bility was greater during the 1956 pasture season, probably as a result of the greater and 
more even distribution of rainfall. 


Efforts to minimize the summer slump in milk production largely have been 
concerned with methods of maintaining a high nutrient intake. Seath and Miller 
(13) reported a considerable reduction in the grazing time of cattle during hot 
weather. This finding suggested a need for supplying additional feedstuffs to 
compensate for what may have been a decreased pasture consumption. 

Supplemental feeding of hay or silage to cows on good pasture has been 
shown by Seath eft al. (10, 11, 12) and Cole et al. (3) to have little effect on milk 
production or body weight. The ingestion of supplemental feedstuffs apparently 
was accompanied by a corresponding reduction in forage intake. 

Traditionally, grain feeding has been considered as a means of filling the gap 
between a cow’s total energy requirement and the amount of energy the animal 
can obtain from roughages. Previous work (4, 6, 7, 8) has shown little benefit 
from grain feeding, but few data are available to indicate the reason for this 
lack of response. Because of the inadequacy of experimental data relating to the 
supplementation of summer pastures with varying amounts of grain, this ex- 
periment was undertaken to measure the influence of grain feeding on forage 
dry matter intake and digestibility, protein digestibility, total dry matter intake, 
milk production, and body weight of grazing, lactating dairy cows. 


EXPERIMENTAL PROCEDURE 


This experiment was conducted during the 1956 (Trial 1) and the 1957 
(Trial 2) pasture seasons. The trials lasted 16 and 20 wk., respectively. Trial 2 
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involved the continuous use of 18 lactating dairy cows and the intermittent use 
of additional dairy cows as put-and-take animals to give the pastures optimum 
management. These cows were divided into three groups of six animals each. 
Group 1 was assigned to a permanent pasture consisting of a mixture of Ken- 
tucky bluegrass and white clover. Group 2 was assigned to two improved orchard- 
grass—Ladino clover plots and Group 3 to two similar plots used in conjunction 
with Sudan grass as a supplemental pasture. Two cows from each group received 
no grain, two received a moderate amount of grain (6 Ib. daily in Trial 1 and 
5 Ib. daily in Trial 2), and two were fed a liberal amount of grain (12 lb. daily 
in Trial 1 and 10 |b. daily in Trial 2). Trial 1 differed from Trial 2 in that 
six additional cows were placed in Group 1, resulting in four instead of two 
cows on each grain level. The grain ration contained 12% crude protein and con- 
sisted of corn and cob meal, wheat bran, ground oats, salt, and steamed bone meal. 

Digestion trials were conducted during each 2-wk. interval in Trial 1 and 
during each 4-wk. interval during Trial 2. Digestibility and dry matter intake 
were determined by the fecal chromogen—chromic oxide technique (5, 9, 14). In 
Trial 1, each cow received a gelatin capsule containing 10 g. of chromic oxide 
orally at 3:30 p.m. daily throughout the experimental period. In Trial 2, 
5 g. of the indicator was administered twice daily at 6 A.M. and 3:30 P.M. 
A five-day collection period was used in both trials. Fecal grab samples were 
taken at 6 A.M. and 4 p.m. and composited for analyses. Analyses of fecal, forage, 
and grain samples for protein were made by the borie acid modification of the 
Kjeldahl method (1). The dried fecal samples were analyzed for chromic oxide 
by the method of Bolin et al. (2). 

Daily milk weights were recorded for each animal. Milk samples were taken 
for four consecutive milkings each week and composited for butterfat determina- 
tions every 2 wk. Body weights were obtained three consecutive days, at the 
_ beginning of each trial, at the end of each 28-day period, and at the conclusion. 


RESULTS 


Dry matter intake and digestibility. The dry matter intake from pasture 
alone is shown in Table 1. The addition of grain to the ration was accompanied 


TABLE 1 
Effect of grain level on dry matter intake from pasture 
Grain levels 
1956 1957 
Zero Moderate Liberal Zero Moderate Liberal 


Type of pasture 
-——(1b/ 1,000 lb. body wt.) 


Permanent 31.7 26.1 23.5 28.0 30.0 26.0 
Improved 31.6 28.0 25.8 30.5 24.7 30.7 
Improved plus supplemental 32.0 31.7 24.4 30.38 28.7 23.0 
Average 31.8 28.0 24.3 29.6 27.8 26.6 
Average change due to 

grain feeding —18 —3.0 


* Significant .05). 
** Significant (P< .01). 
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by a decreased consumption of pasture forage. In the 1956 trial (Trial 1), 
the reduction in pasture dry matter intake was significant (P < .05) for the 
moderate grain level and highly significant (P < .01) at the liberal grain level. 
The same trend was observed in Trial 2, but the differences were not statistically 
significant. 

The total dry matter intakes among grain levels for both trials were not 
significantly different (Table 2). The dry matter intake from grain in Trial 1 
was 5.1 and 8.9 1b/1,000 lb. body weight for the moderate and liberal grain levels, 
respectively. In the same order, the average for Trial 2 were 4.2 and 8.3 lb. The 
net gains in total dry matter intake were 1.3 and 1.4 lb. for Trial 1 and 2.4 and 5.3 
for Trial 2. These increases in dry matter intake are considerably smaller than 
the weight of the dry matter furnished by the grain. 

The feeding of grain had no apparent effect on the dry matter digestibility of 
the forage (Table 3). Forage dry matter digestibility was calculated by assuming 
a constant digestibility (71% ) for the grain and correcting the fecal chromogen 
value accordingly. During both trials there was a highly significant (P < .01) 
difference in dry matter digestibility in favor of the two improved pastures over 
the permanent bluegrass-Ladino pasture. However, the magnitude of this differ- 
ence was quite small. 


TABLE 2 
Effect of grain level on total dry matter intake 


Grain levels 


1956 1957 
Type of pasture Zero Moderate Liberal Zero Moderate Liberal 
(1b/ 1,000 lb. body wt.) 

Permanent 31.7 31.2 32.5 28.0 33.9 35.2 
Improved 31.6 33.2 34.2 30.5 29.0 39.1 
Improved plus supplemental 32.0 36.6 33.8 30.3 33.0 30.6 
Average 31.8 33.1 33.2 29.6 32.0 34.9 
Average change due to 

grain feeding +1.3 +1.4 +2.4 +5.3 


No significant differences. 


TABLE 3 
Effect of grain level on forage dry matter digestibility 


Grain levels 


1956 1957 


Type of pasture Zero Moderate Liberal Zero Moderate Liberal Average 
(Ye) 
Permanent 67.2 67.2 66.3 63.4 65.2 63.6 65.5 
Improved 71.8 71.2 72. 67.5 67.0 68.6 69.7** 
Improved plus 
supplemental 70.7 70.7 69.8 65.6 65.4 66.9 68.2* 
Average 69.2 69.0 68.6 65.5 65.9 66.4 67.4 


* Significant (P < .01 in 1956) (P < .05 in 1957). 
** Significant (P < .01). 
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Milk production. During both trials, the feeding of grain apparently resulted 
in a slight increase in milk production (Table 4). When tested by the analysis 
of covariance, to remove the influence of level of initial production, these differ- 
ences were not significantly different. The average 4-wk. persistency for the zero, 
moderate, and liberal levels of grain feeding, respectively, were 90.8, 89.1, and 
92.9% for Trial 1, and 84.4, 88.0, and 91.2% for Trial 2. No statistical signifi- 
cance was found among these values. A highly significant (P < .01) difference 
in persistency was obtained during the third 28-day period in Trial 2, when grain 
feeding exerted a beneficial effect. During this period the pastures became short 
and of low quality. Kind of pasture apparently had little effect on milk produc- 
tion during either trial. 

Body weight. There was considerable variation in bedy weight changes 
among all the animals, regardless of treatment. The data in Table 5 represent 


TABLE 4 
Average milk production for week prior to experiment and for entire experiment 


Average daily 4% FCM 


1956 1957 
16-wk. 20-wk. 
Type of pasture Grain level Preliminary experiment Preliminary experiment 
(lb.) 
Zero 43.1 29.8 40.7 27.6 
Permanent Moderate 35.2 26.1 50.0 36.1 
Liberal 41.6 33.2 38.3 31.8 
Average 39.9 29.7 43.0 31.8 
Zero 44.0 41.1 48.6 32.4 
Improved Moderate 33.5 34.2 32.0 26.0 
Liberal 42.2 46.3 48.8 43.1 
Average 39.9 40.5 43.1 33.8 
Zero 35.6 32.2 40.8 26.4 
Improved plus 
supplemental Moderste 53.7 44.3 48.4 38.6 
Liberal 36.5 31.8 44.1 33.1 
Average 41.9 36.2 44.4 32.7 
Average of all 
pastures Zero 41.4 33.2 43.4 28.8 
Moderate 38.4 32.7 43.5 33.6 
Liberal 40.5 36.1 43.7 36.0 


No significant differences. 


TABLE 5 
Effect of grain level on body weight changes during entire experiment 


Grain levels 


1956 1957 
Type of pasture Zero Moderate Liberal Zero Moderate Liberal 
(1b/cow) 

Permanent +2 +68 + 57 — 20 + 44 + 19 
Improved +18 +82 + 83 + 28 +124 + 90 
Improved plus 

supplemental +33 — 4 +112 +122 + 47 +136 
Average +14 +53 a i" f + 43 + 71 + 82 


No significant differences. 
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the average differences between the body weights at the beginning and at the 
completion of the trials. During both trials the grain-fed groups tended to gain 
more weight than the controls. However, this trend was not consistent enough to 
be statistically significant. It is of interest to note that all the groups tended 
to gain weight during the trials. 

Protein digestibility. There was no significant difference in protein digesti- 
bility of the total ration associated with level of grain feeding. Trial 1 averages 
were 70.7, 71.5, and 70.5% for the zero, medium, and liberal grain-fed groups, 
respectively. In the same order for Trial 2, the values were 65.5, 65.9, and 66.4%. 
The lower values for Trial 2 were attributed ot a lack of sufficient rainfall to 
maintain succulent herbage. 

DISCUSSION 

Under the conditions of this experiment, the feeding of grain to lactating 
dairy cows on good pasture failed to cause a significant increase in milk produe- 
tion or body weight. In both trials, however, the cows fed a high level of grain 
produced more milk and gained more weight than the cows on the zero grain level. 
In Trial 1, the cows receiving the medium grain level produced less milk than 
the controls, but gained slightly more in body weight. In Trial 2, the cows in 
this group excelled the controls both in milk production and in body weight. 
Grain feeding apparently was more effective in Trial 2 than in Trial 1, since grain 
feeding in Trial 1 caused a significant decrease in pasture consumption but did 
not do so in Trial 2. The results of the two trials may differ because of differences 
in pasture quality. This difference may have been due to the higher and more 
evenly distributed rainfall in 1956. ; 

The rainfall in 1956, from March through September, was 33.2 in. as compared 
with 26.7 in. during the same period in 1957. The 50-yr. average for this area 
is 26.3 in. during these months. The rainfall for July, 1957, however, was only 
0.76 in. as compared with a 50-vr. average of 4.3 in., and 6.1 in. in 1956. The 
grain-fed cows produced significantly more milk than the controls during July, 
1957. During this period the pastures were of very poor quality. 

The apparent lack of response to grain feeding may be due to the reduction 
in consumption of pasture herbage, especially during periods of abundant rain- 
fall and lush pastures. These results are in agreement with Cole et al. (3), who 
reported a 13% reduction in pasture dry matter intake among cows receiving 
alfalfa hay as a supplement. Seath ef al. (12) have reported a 32% decrease in 
pasture consumption to result from supplemental feeding of hay. 

These results indicate there is little basis for the belief that supplemental 
feeding of grain during the good pasture season will significantly help main- 
tain milk production. It must be considered, however, that the pastures used in 
this experiment were of very high quality and that the grain-fed cows tended to 
produce slightly more milk and to gain more weight. Economie consideration 
of the data indicated that grain feeding was not profitable, especially during 
Trial 1. It remains to be determined experimentally just how low pasture quality 
must become before grain feeding can be considered a profitable practice. 
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ESTROGENIC ACTIVITY IN MILK OF COWS AND THE BILE OF 
CALVES FED LOW LEVELS OF DIETHYLSTILBESTROL! 
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SUMMARY 


Milk from cows fed diethylstilbestrol (DES), and bile from calves fed this substance, 
were extracted and tested in castrate mice, using uterine weight as the criterion for 
measuring estrogenic activity. 

The following conclusions were drawn: 

Extracts of milk from untreated cows, in different phases of sexual cycles, gave no 
estrogenic response. 

Extracts of milk from cows fed 10 mg. diethylstilbestrol (DES) per 1,000 Ib. body 
weight per day caused no measurable estrogeni¢ response. 

Test mice consistently responded to known amounts of 0.048 mg. DES each. 

Known amounts of DES were placed in milk, then extracted. These extracts caused 
consistent responses for estrogenic substances in test mice. 

Bile from calves that had been given 10 mg. DES daily was extracted. This extract in 
test mice caused responses indicating that a daily collection of bile contained 46.08 yg. 
of free DES or its equivalent of estrogenic substance. Bile extracts from an untreated 
male calf indicated no estrogenie response. 


While studying the influence of diethylstilbestrol (DES) in dairy cows (1) 
it became important to know if it were excreted in the milk. Determination of 
DES in milk has received little attention, but Turner (8) states that, ‘*. . . from 
10 to 20 mg. per day to cows weighing 100 Ib. is not sufficient to permit the passage 
of significant amounts of estrogen into the milk.’’ Voelker and Becker (9) 
detected little or no estrogen in the milk of cows that had received implants of 
15 and 30 mg. of diethylstilbestrol, but found considerable amounts of estrogen in 
the milk of cows implanted with pellets of 240 and 1,500 mg. of DES. The analysis 
of muscle tissue of animals fed DES indicates that little if any of this material 
is deposited in the tissues when given in moderate dosage (2, 4-7). 


EXPERIMENTAL PROCEDURE AND RESULTS 


Preliminary testing for estrogen was begun, using milk from 17 cows that 
had been fed from 0 to 15 mg. DES per 1,000 lb. body weight per day. They 
varied in age, and stages of lactation and pregnancy. In all cases in which milk 
was extracted in this study, one each of five pairs of identical twin cows was fed 
10 mg. DES per 1,000 lb. body weight per day, beginning on the 56th day of 
lactation. The opposite member served as control. Milk was tested for estrogenic 
material after the cows had received the DES for 2 mo. or longer. 
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Detection of DES was attempted, using mice as the assay animals. In each 
test, uterine weight was taken as the basis for evaluation. 

Female mice were castrated within a few days after 6 wk. of age and used 
when approximately 8 wk. old, in testing for estrogens. First trials were con- 
ducted by feeding the mice dry, powdered milk for’ 14 days. Milk from untreated 
cows was fed to 14 mice, and milk from cows that had received 10 mg. DES per 
day was given to 13 mice. Each mouse consumed approximately 26 g. of the dry 
milk. Twelve mice were given maintenance feed (Laboratory Chow). Uterine 
weights were not significantly different among mice fed maintenance feed, milk 
from untreated cows, or milk from DES-treated cows (P < 0.001). 

To test for estrogens from a larger quantity of milk per mouse, the milk was 
extracted. Extraction of the milk was done by refluxing with methanol, as de- 
seribed by Pope and Roy (3). However this procedure extracts only the free 
estrogens. The dried methanol extract was dissolved in 12 ce. of olive oil and 
injected subcutaneously into castrate mice, 0.1 ce. daily for four days. The mice 
were killed 48 hr. after the last injection and their uteri removed. Each uterus 
was severed as closely as possible to the cervix, tr-mmed of any fat, and blotted 
with filter paper. Weighing was done within 1 to 2 min. after removal. 

Extracts from 13.33 g. of milk and also 14, 25, 28.5, 47.5, and 80 g. of milk 
from DES-treated cows were given to each mouse, with no significant increase in 
uterine weight. These uterine weights were com, ared with those from mice 
treated with extracts of milk from untreated cows and mice that were uninjected. 
With each series of mice tested with milk extracts, other mice were injected with 
known amounts of DES in doses of 3.12, 0.388, and 0.048 pg. Dosage was regu- 
lated to give a recognizable increase in uterine weight but not more than maximal 
stimulation. Typical responses in groups of mice were uterine weights of 62.90, 
45.32, and 22.61 mg., respectively. Untreated mice and those injected with milk 
extracts had uterine weights averaging 13.18 mg. In almost all tests, seven mice 
were treated alike, to constitute a group. More than 130 mice were used in specific 
tests, in addition to others used in numerous preliminary trials. 

To test the process of milk extraction, 21.84 pg. of DES was added to 100 g. 
of milk and extraction conducted as usual. Extract from the equivalent of 
13.33 g. of milk per mouse resulted in an average uterine weight of 31.97 mg. 
Extract from this same sample of milk without the DES added gave uterine 
weights of 13.44 mg. Extracts from 80 g. of milk (cows fed 10 mg. DES per day) 
were given to a single mouse, but in no case was there increased uterine weight 
in the test mice. Mild responses (uterine weights averaged 19.30 mg.) were rec- 
ognized by giving extracts of milk from cows fed 20 mg. of DES per day. 

Extracted milk, from cows given 10 mg. of DES per 1,000 lb. of body weight 
per day, showed no response in test mice, so the search was then directed to the 
bile. 

Four male calves were used in this phase of the study ; each weighed approxi- 
mately 180 lb. Each calf was given orally 10 mg. DES per day, beginning four 
days before collections of bile were made and continuing on through the collee- 
tion period of four to six days. 
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To make collections, a bile fistula was prepared. The fistula was made by 
first anesthetizing the calf with Nembutal, given intravenously. An incision 
was made just back of the last rib and parallel to it on the right side. The bile 
duct was ligated and the bile in the gall bladder was withdrawn with a hypo- 
dermie needle and syringe. A small incision was made in the end of the gall 
bladder and an 18-gauge hypodermic needle inserted. The needle had been pre- 
pared by soldering a kuob on it near the end, to prevent its slipping out. The 
gall bladder was then closed by tying it around the needle back of the knob. A 
sterile rubber tube led from the needle out through the body wall and was 
attached to a rubber basketball bladder that served as a collecting bag. A cloth 
band around the abdomen of the calf supported the weight of the bag and its 
contents. 

Twenty-four-hour collections were made. The bile was extracted by members 
of the University Department of Chemistry, using a liquid extractor in which 
diethylether was used as the solvent. This method extracts only the free estrogens, 
leaving any protein-bound and other conjugated estrogens with the remainder 
of the bile. The dried ether extract was dissolved in olive oil for injection 
into the test animals. 

The bile extract was tested, following the procedure for the milk extracts. 
The test mice were injected subcutaneously with 0.1 ce. of the extract daily for 
four days. They were killed 48 hr. after the last injection and the uteri promptly 
removed and weighed. 

The extract from a daily collection of bile was dissolved in 12 cc. of olive 
oil. To bring the quantity of estrogenic material into a range that could be 
tested, dilutions ranging from 1: 32 to 1: 128 were tried. The dilution of 1: 128 
produced what was considered a minimal response, since uterine weights in the 
tested mice were slightly greater (statistically significant) than the untreated 
ones. A dilution of 1:32 resulted in uterine weights nearest to those from the 
known amount of DES of 0.048 yug., so it was used for final evaluation. Each 
test mouse was given 0.4 ce. of the oil preparation. From these values it was 
concluded that a daily collection of bile contained 46.08 pg. of DES (or equivalent 
of estrogenic material ). 

The 46.08 ug. of DES cause considerable estrogenic activity in terms of mouse 
uterine response, but far short of the 10 mg. daily dosage of DES given the ealf. 
The estrogenic response was not determined to be from DES, as such. The fate 
of the remaining estrogen is not known, since fecal or bound estrogen determi- 
nations were not made. This study reveals, however, that estrogenic material 
appears in the bile of calves that have been fed DES. It further gives an esti- 
mate of the amount of free estrogen passed on in the bile. 

Bile from one male calf that had not received DES was extracted and tested, 
but no estrogenic activity was found. 
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THE PHYSIOLOGICAL BEHAVIOR OF IRON IN THE CALF 


SAM L. HANSARD, L. E. FOOTE, anp GEORGE T. DIMOPOULLOS 
Departments of Animal Industry and Veterinary Science, Louisiana State University, 
Baton Rouge 


SUMMARY 


Results of ferrokineties studies and tissue distribution investigations as a function 
of time after Fe-59 administration in 21 calves indicate radiochemical procedures to be a 
sensitive measure of integrity of erythropoietic tissue. They further demonstrate feasible 
measurements of physiological mechanisms of iron metabolism that should provide means 
for dietary requirement estimations and basic data essential for understanding the nature 
and pathogenesis of prevalent anemias among farm animals. 


The importance of iron in the nutrition of man and laboratory animals has 
led to numerous investigations concerned either directly or indirectly with the 
metabolism of this element (6, 7, 11). However, relatively few reports in the 
literature (1, 3, 4, 8) have dealt directly with the physiological behavior of 
iron in the ruminant. Availability of radioiron and development of scintillation 
counting methods have made possible a sensitive measurement unattainable 
by classic methods for the investigation of ferrokinetics (6, 10). Calves were 
employed because of the need for additional information on blood formation in 
the ruminant and because of the economic importance of the species. The ob- 
jectives of this investigation were to determine the movement of labeled iron 
in the normal calf as a function of time and to interpret such data in terms of 
behavior and utilization of stable iron by the erythropoietic tissue. 


METHODS AND MATERIALS 


Twenty-one selected dairy calves with similar nutritional background, ranging 
in age from 3 to 7 mo., were maintained on a full feed of grass hay and 
commercial dairy feed throughout the experimental period. Radioisotope pro- 
cedures and management of the animals previously have been discussed by 
Hansard and Foote (4). However, in brief, following the preparation period, 
each animal was oriented in a metabolism unit and a blood sample drawn from 
the jugular vein, centrifuged, and the plasma incubated 30 to 60 min. with 10 to 
40 ue. of high specific activity Fe-59 citrate. A known volume of the homologous 
labeled plasma was quantitatively reinjected into the immobilized animal and, 
after mixing had occurred, periodic blood samples were taken and radioactivity 
of whole blood and plasma measured in 4-ml. aliquots for caleulation of blood 
volume, plasma iron clearance, and for the ferrokinetic data (1, 6, 7). Total 
plasma iron wes measured by the method of Barkan and Walker (2) and hemo- 
globin was determined routinely by standard procedures. Following designated 
intervals of time, the animals were killed and selected tissue samples taken im- 
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mediately for radioassay and for total iron determinations by Wong’s (12) 
procedure. For convenience of presentation and for comparative purposes, Fe-59 
data from all animals were calculated and standardized on the basis of a 100-Ib. 
ealf, 

RESULTS AND DISCUSSION 


A summary of the blood values for the calves in this study is shown in 
Table 1. These averages for hemoglobin, plasma iron, total blood, red cell, and 
plasma volume compare favorably with values in the literature. However, the 
range was wide and indicates the need for studies with increased numbers for 
establishment of firm values for this species. This was especially evident for 
plasma iron values, a key value for ferrokinetic calculations, and strongly sug- 
gests a diurnal effect in the calf. 

TABLE 1 
Summary of blood values for experimental calves 


Mean + standard deviation 


No. of calves 21.0 

Av. body weight (kg.) 92.6 
Total blood volume (%) .4 
RBC volume (ml/kg) 23.8+ 3 
Plasma volume (il/kq) 36.444 
Packed RBC volume ) 305 + 8 
Hb. (Gr/100 ml.) 10.5 + 3 
Plasma iron (ug/100 ml.) 240 + 55 


Plasma iron clearance and turnover rate. The plasma serves as a central 
metabolic pool through which all iron must pass in the process of absorption 
from the tract, soft tissue and bone, transfer from one tissue to another and for 
excretion. The kinetics of Fe-59 ion movement in the blood thus has been 
established as an important index to iron utilization in the animal body (6, 10, 
11). Average blood Fe-59 values following injection are shown in Figure 1. 
The inserted line graph demonstrates a semilogarithmic plot of activity in serial 
plasma samples and represents removal of radioiron from total plasma of these 
calves as a function of time after dosing. It was of interest that, with the excep- 
tion of three calves, all animals demonstrated a two-component plasma iron 
clearance curve. The first component of this curve has been postulated by Huff 
et al. (6) and Weinstein and Beutler (11) to represent liver iron uptake, and 
the second component that of bone marrow (7). Explanations for these differ- 
ences in clearance rate among calves will require further investigation, and will 
be discussed later in this report. In all cases the second component of the curve 
was employed in this study, extrapolated to zero using a line derived by method 
of least-squares. The intercept of this line with the ordinates was used to give 
plasma activity. The slope of the line was employed to calculate total plasma and 
blood volume and to determine time in hours at which one-half of the injected 
dose was cleared (714) from the plasma. Mean value of 2.7 + 0.52 hr. clearance 
time for the 21 calves was somewhat slower than the 1.55 hr. reported by Cali- 
fornia workers (1), but may have been due to differences in age or to dietary 
iron histories. 
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Fig. 1. Removal of radioiron from plasma (insert) and utilization by red cells as a fune- 
tion of time after administration to calves. (Note the dual component curve for plasma iron 
clearance. ) 


The slope of this line and the plasma iron concentration values were used to 
caleulate. plasma iron turnover rate (PITR) by the method of Huff et al. (6). 
These values averaged 0.54 + 0.11 mg/kg/day, which were somewhat lower than 
those reported for swine by Jensen ef al. (7) and the 0.81 mg/kg reported for 
cattle by Baker and Douglas (1). However, this difference may be accredited to 
the observed higher plasma iron and the slower plasma iron clearance values 
evidenced in the current study. 

Red blood cell iron, utilization and turnover. Her oglobin, venous hemato- 
crits, total plasma iron, and total blood volume were measured routinely, both 
initially and on the day of peak Fe-59 uptake by the red cells, to minimize obvious 
errors due to any physiological change in the peripheral blood. These values 
(Table 1), for the day of maximum Fe**’™ utilization, were employed in caleu- 
lations of the ferrokinetic data reported in Table 2. Hemoglobin levels and total 
blood volume (TBV) in milliliters were used to caleulate total red blood cell 
iron (RBCI) as follows: 


RBCI (mg/kg) = ( ( 3.4 ) 


100 wt. ke. 
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Fig. 2. Iron concentration in liver and sternum of calves as a function of time after 
iron dosing. Plasma disappearance and red blood cell utilization curves are superimposed 
for clarity. 


TABLE 2 
Summary of caleulated ferrokinetic values for experimental calves“ 

Plasma, T% (hrs.) 274.53” 
PITR (mg/kg) .11 
Iron™ utilization (“% ) 84.3 + 15 
RBCI (mg/kg) 21.4 + 4.1 
RBCIIR (mg/kg/day) 46 + .08 
RBC life span (days) 47+ 8 


“See text for calculations. 
» Mean + standard deviation. 


The per cent of Fe-59 dose incorporated into total red blood cells as a function 
of time after intravenous administration also is shown in Figure 1. Calculations 
were made daily for the first 2 wk., then biweekly throughout the experimental 
period by conventional radiochemical procedures described by Hansard and 
Foote (3). Following a time lag of from 48 to 72 hr. after Fe-59 disappearance 
from the plasma, it reappeared in the red blood cells, reaching peak concentra- 
tion of 84.34 15% 12 to 16 days after dosing. Iron utilization at the peak 
(Fe®®™) period was calculated for individual animals from total blood volume 
(TBV) in milliliters, retained radioactivity (¢.p.m/ml), and total dose admin- 
istered (¢.p.m. injected), thus: 

TBV X ¢.p.m/ml 


dose 


Iron utilization (Fe®*/™) = 100 


Rate of iron incorporation into the red cells each day was presumed to repre- 
sent rate of erythropoieses, inasmuch as Fe-59 does not enter the mature red cells 
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directly and is expressed by the RBC incorporation values shown in Table 2. If 
it is assumed that these animals were in a steady state of red blood cell production 
and, since the plasma iron turnover rate (PITR), blood volume, and hemoglobin 
values were calculated from data procured on the day of peak Fe-59 utilization, 
incorporation rate would be essentially equal to turnover rate (1). The approxi- 
mation of red blood cell iron incorporation rate (RBCIIR) was obtained, there- 
fore, by multiplying plasma iron turnover in milligrams by percentage of Fe-59 
ultimately appearing in the total red cells as follows: 

Fe39/M 


100 


RBCIIR = PITR 


Mean values are given in Table 2. Red cell iron incorporation or turnover 
amounted to 0.46 mg/kg or 42.6 mg/per day for a 100-Ib. calf. 

Red blood cell life span. The red blood cell life span (RBCLS) or survival 
time was estimated by the following formula: 


Total RBC iron 
RBCLS (days) = 
RBCIIR 
Estimated red blood cell survival time for the 21 calves averaged 47 + 8 days, 
which approximates that reported by other investigators cited and that by other 
procedures (5) for caleulation. However, this value is considerably less than 
the 115 days reported for calves by another method (9). 

Movement of Fe-59 in the body. To determine location and rate of iron 
in the body of the calf, animals were sacrificed at periodic intervals of 1 hr. to 
20 days after Fe-59 administration, for tissue distribution studies. Animals 
were bled out from the jugular vein and some 20 selected tissues and organs were 
weighed and sampled in duplicate for radioactivity measurement and total iron 
determinations. Biopsies from the liver and sternum were taken from several 
animals to further supplement data at the earlier periods after dosing. Fe-59 
concentration and specific activity values of selected calf tissues as a function of 
time after dosing are shown in Table 3. These data show Fe-59 concentration to be 
higher in trabecular bone than in soft tissue at all periods of study. Liver re- 


TABLE 3 
Iron” concentration** and specific activity* of selected calf tissues as a 
function of time after intravenous administration 


Hours after dose administration 


Tissue 1 6 12 24 48 168 
Muscle 4(2.8)* 4(2.1) 3 (2.4) 4(2.8) 4(2.8) 3 (2.4) 
Liver 94(1.7) 398(6.2) 205 (3.2) 100(1.5) 108 (1.6) 110(1.6) 
Adrenals 86 (13.4) 216 (33.6) 91(14.2) 58(9.0) 68 (10.6) 59 (9.2) 
Kidney 46(1.9) 90(15.5) 70(12.0) 40(7.1) 25 (4.5) 25 (4.5) 
Spleen 60(1.4) 170(4.1) 60(1.4) 23 (0.6) 28(0.7) 18(0.5) 
Small intestines 19(8) 24(10) 57 (25) 38(18) 30(13) 20(8) 
Sternum 485 (35) 382(29) 770(55) 550(40) 450(35) 260(18) 
Vertebra (L) 530(46) 277 (24) 631(55) 525 (46) 692 (60) 270(24) 


** Fe® concentration expressed as per cent dose < 10~*/g, and * specific activity as con- 
centration of Fe” per gram of total iron < 10~. 
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tained the highest concentration of iron among the soft tissue, with adrenals, 
kidneys, and spleen following in that order. Values for thyroids, pancreas, and 
muscle were intermediate to low in concentration. It was of interest that con- 
centration in bone was consistently higher than in soft tissue and, except for 
liver, concentration in trabecular bone was ten to 20 times that in other tissues. 
After 24 hr., bone appeared to serve as the principal metabolic pool for iron 
storage. Concentration of Fe-59 per gram of total iron (SA) in all tissue more 
or less paralleled concentration values, after equilibrium had been reached. How- 
ever, turnover rates were highest for bone for all periods, with little differences 
noted between trabecular bone of sternum, rib, vertebra, or pelvis. These values, 
after 24 hr., were ten to 20 times those of muscle, liver, or spleen. The higher 
relative values for kidney are not clear, inasmuch as total excretion values indi- 
cated less than 1% of the dose to be cleared through this organ. The consistently 
high iron values for the adrenal were of interest and are being further investi- 
gated. 

When consideration was given to Fe-59 concentration as a function of time 
after dose administration, there was notably wide variation among tissues. This 
difference in Fe-59 concentration between liver and sternum is graphically illus- 
trated in Figure 3. Plasma iron clearance and RBC iron utilization curves are 
superimposed for reference and clarity. It was of special interest to note that 
liver Fe-59 increased comparatively slowly, reaching peak concentration 4 to 6 
hr. after dose administration; then receded gradually to one-fourth peak levels 
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Fig. 3. Radioiron concentration in total organs of calves as a function of time after dose 
administration. 
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24 to 48 hr. later. However, concentration in trabecular bone (sternum) in- 
ereased more rapidly, reaching an initial peak within 1 to 2 hr., receded to less 
than one-half peak level, before again rising after 12 hr. to four times this level. 
This phenomenon is yet unexplained, but does indicate (a) bone marrow to have 
the highest developed physical properties for concentrating iron, (b) that initial 
rapid plasma iron disappearance is related to bone marrow concentration more 
than to liver uptake, and (c) that ultimately the initial marrow and liver iron 
returns to the bone for incorporation and utilization by the red blood cells. 

Concentration of Fe-59 in selected total organs of calves is shown (Figure 3), 
as a function of time after dose administration. The liver contained the most 
radioactivity, averaging 61% of the administered dose after 5 hr., and decreased 
rapidly to 6% at 24 hr. Peak levels of 2, 2, and 14% Fe-59 for total kidneys, 
spleen, and for total small intestines, respectively, occurred at 3, 4, and 12 hr. 
after a single dose, and indicate the relative and active part played by these 
organs in the metabolism of iron in the ealf. 
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STUDIES ON THE RELATIONSHIPS BETWEEN RUMEN ACIDS 
AND FAT METABOLISM OF RUMINANTS FED ON 
RESTRICTED ROUGHAGE DIETS! 


P. J. VAN SOEST * ann N. N. ALLEN * 
Department of Dairy Husbandry, University of Wisconsin, Madison 


SUMMARY 


The feeding of restricted roughage with high levels of concentrates produced sig- 
nificant declines in milk fat in lactating cows and goats. Associated with the decline in 
milk fat were a signficant increase in the concentration of rumen propionic acid and a 
decrease in blood ketone bodies. There was a decrease in arterial-blood acetic acid and 
in the arterial-mammary difference under conditions of ground and restricted-roughage 
feeding. The feeding of sodium acetate tended to increase low milk fat, and the feeding 
of sodium propionate tended to lower it further. An hypothesis regarding a mechanism 
of milk-fat depression based on the antiketogenie properties of propionic acid is discussed. 


Since the discovery of Powell (16) of the effect of finely ground or restricted- 
roughage rations on the milk fat of dairy cows, studies (1, 2, 25, 26) have shown 
that a proper understanding of this phenomenon bears directly on the funda- 
mental problems of the nature of ruminant digestion and metabolism. These 
studies may be divided into two categories: first, those on changes in the rumen 
fermentation and other factors affecting digestion ; and second, those on the sub- 
sequent metabolism of products from fermentation and digestion. This paper deals 
with the relationships between ketone body, acetate and propionate metabolism 
under conditions of restricted roughage feeding. 

The digestibility of crude fiber has been shown to be diminished in finely 
ground roughages (3, 8). Rodrigue (18) found that the rate of passage was in- 
creased by very fine grinding. Maki (10) showed a decrease in number of rumen 
microorganisms of the types that are cellulolytic when cows were fed a high- 
concentrate restricted roughage diet. Over-all rumen microorganisms increased, 
however. 

Tyznik (26) and Balch (1) have reported a decrease in the proportion of 
acetic acid in the rumen when these diets are used. It has been hypothesized 
that low milk fat is due to the fact that the amount of acetic acid produced by 
fermentation in the rumen is insufficient for synthesis of milk fat by the mam- 
mary gland. This hypothesis is based in part on the observation that there 
is a recovery in milk fat when sodium acetate is fed to milk fat-depressed cows 
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(26), and on extensive work (15) concerning the utilization of acetate by ruminant 
mammary tissue. However, the idea has been contested by McClymont (12), 
who has determined arteriovenous differences in blood acetic acid and was unable 
to find expected differences under conditions of low milk fat. 

Decreases in the Reichert-Meiss! number of the buterfat of cows with low 
milk fat have been reported (26). By means of arteriovenous differences, Shaw 
(21,23) has demonstrated that while the active mammary gland uses beta- 
hydroxybutyrie acid (BHBA), the nonlactating gland does not use significant 
amounts of BHBA. The daily production of butter fat has been associated with 
blood ketone levels (11). Shaw (22) has reported in perfusion studies on isolated 
bevine mammary gland—using labeled acetate and BHBA—that BHBA is 
utilized 2.5 times more efficiently than acetate for milk-fat synthesis. Popjak 
(15) has suggested that 60% of the short chains in butterfat may come from 
BHBA. In view of the above evidence, it was considered worth while to examine 
the metabolism of cows which were fed ground or restricted roughage. 


EXPERIMENTAL METHODS 


Rumen samples were taken by stomach tube. Samples were acidified with 
50% HeSO, to a low pH and were filtered through cheese cloth. Then the fil- 
trates were frozen and stored until analyses could be made. Rumen acetic, pro- 
pionic, and butyric acids were determined by a modification of the chromato- 
graphic method of Neish (13). Blood samples were taken either with sodium 
fluoride or with heparin as the anticoagulant. Protein-free filtrates (Folin-Wu) 
were prepared and stored in a refrigerator until they could be analyzed. Glucose 
and ketone body determinations were performed, respectively, by the methods 
of Benedict (5) and Behre (4). Babcock analyses for milk fat were made on 
one- or two-day composite samples throughout the studies. Blood acetic acid 
was determined via the same chromatographic technique used for the rumen 
samples. The blood filtrates were prepared for chromatography by evaporating 
between 50 and 100 ml. of neutralized solution to dryness, dissolving the residue 
in dilute H.SO,, and transferring an aliquot to a column. An attempt was made 
to estimate the amount of such other fatty acids as butyric and propionic. How- 
ever, the latter acids were present in such small quantities that accurate measure- 
ment was not possible. Apparently, most blood propionic and butyric acids 
absorbed through the rumen wall are quickly removed by the liver (17). 

Experiment 1. During a 3-wk. preliminary control period, four cows and six 
goats, all lactating, were fed all of the long hay they would clean up, plus con- 
centrates according to milk production. Blood samples and rumen samples were 
taken five times at two- or three-day intervals during the control period. After 
the animals were changed to the experimental rations, blood and rumen samples 
were taken at approximately weekly intervals. 

The four cows were given restricted roughages (3 lb. hay per day) and con- 
centrates ad libitum. The consumption of concentrates ranged from 20 to 35 Ib. 
per day among the cows. Four goats were placed on restricted roughage and 
high concentrates, receiving only a small handful of hay a day. Two additional 
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goats were fed on alfalfa meal ad libitum and were given a normal complement 
of concentrates. 

The data for milk fat, blood glucose, ketones, and rumen-acetic, propionic, 
and butyric acids have been averaged for the groups of cows and goats and 
presented (Table 1). Data were analyzed by the ‘‘t’’ test. All the cows and 
three of the goats showed a definite depression in milk fat when fed on restricted 
roughage. One goat ceased lactating before any of the effects of the restricted 
roughage could be noticed. Alfalfa meal as the sole roughage did not appear to 
depress milk fat when fed to two goats, although milk fat appeared to increase 
when these two animals were placed back on normal roughage. 

Blood ketones showed a significant decrease with milk-fat depression in both 
cows and goats. Rumen acetic acid did not decrease significantly ; however, 
rumen propionic acid significantly increased when cows or goats were fed the 
ground or restricted-roughage diets. Rumen butyric acid showed a tendency 
to decline slightly. This tendency was significant in the cow data. 

A series of correlations was calculated according to the method of Snedecor 
(24) and presented in Table 2. Correlations between various constituents are 
presented separately for cows and goats, and are divided into two groups—those 
from animals on normal diet and those from animals on restricted roughage. 
The degree of milk-fat depression is generally related to the concentration of 
rumen propionic acid, the development of milk-fat depression being associated 
with a concurrent rise in rumen propionic acid. This relationship is to be found 
in the highly significant negative correlations between rumen propionic acid 
and milk fat obtained from the data on fat-depressed cows and goats. The case 
of the two goats fed alfalfa meal shows that the converse—that with every rise 
in rumen propionic acid there is a decline in milk fat—is not necessarily true. 
However, this may be resolved, as will be shown in the discussion, if the proportion 
of acetic to propionic acid is considered ; it may be seen in Table 1 that rumen 
acetic and butyric acids also increased in these animals. 


TABLE 1 


Effect of restricted and ground roughage feeding on various physiological 
constituents of cows and goats 


Blood Rumen acids 

fat Glucose Ketones Acetic Propionic Butyrie 

(%) (mg %) (meq/liter) 
4 Cows normal-fed 4.6 47.0 4.6 45.2 15.7 13.6 
Restricted roughage 21 48.3 £2 42.6 20.6 10.8 
Difference —2.5 +1.3 —2A4 —2.6 +4.9 —26 
LSD (.05)* 0.3 3.0 0.8 5.4 3.6 2.0 
4 goats normal-fed 3.3 54.2 2.9 42.4 11.0 9.4 
Restricted roughage 2.6 54.5 1.5 45.1 25.4 8.6 
Difference —0.7 +0.3 +14.4 —0.8 
LSD (.05)* 0.5 2.9 0.3 6.4 2.5 1.5 
2 Goats normal-fed 2.9 53.6 2.8 37.9 9.3 8.7 
Ground roughage 3.0 52.6 2.2 60.8 18.1 M3 
Difference +0.1 —170 —0.6 +16.1 +8.8 +2.4 


LSD (.05)* 1.2 5.3 0.6 11:9 3.7 1.9 


* Least significant difference at 5% level of probability. 
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TABLE 2 
Correlations between rumen acids, blood constituents, and milk fat per cent 


Cows Goats 

Cows Fat- Goats Fat- 
Normal-fed depressed Normal-fed depressed 

df 19 df 59 df 28 df 35 

Rumen butyrie X rumen propionic +0.91** +0.18 +0.83** +0.09 
Rumen butyrie rumen acetic +0.78"* +0.85** +0.60** 
Rumen butyric < blood ketones +0.72** +0.35** +0.06 +0.44** 

Rumen butyric < milk fat —0.28 —0.05 —0.21 +0.26 

Rumen butyrie < blood glucose —0.37 —0.20 —(0.39* —0.17 

Rumen propionic < rumen acetic +0.82** +0.56** +0.91** +0.14 
Rumen propionic X blood ketones +0.60** —0.19 +0.30 —0.48** 
Rumen propionic X milk fat —0.31 —§,53** —0.04 

Rumen propionic X blood glucose —0.14 +0.06 —0.21 —0.09 
Rumen acetic < blood ketones +0.37 +0.17 +0.12 +0.58** 
Rumen acetic < milk fat —0.37 —0.12 —0.14 +0.49** 

Rumen acetie X blood glucose —0.03 —0.24 —0.24 —0.04 
Blood ketones X milk fat —0.16 +0.10 +0.04 +0.71** 

Blood ketones < blood glucose —0.44* —0.20 +0.20 +0.09 

Blood glucose X milk fat +0.42 +010 +0.18 —0.09 


* Significant at the 5% level of probability. 
** Significant at the 1% level of probability. 


Other constituents that show significant positive relationships with milk fat 
are rumen acetic acid and blood ketones in milk fat—depressed goats. These 
correlations in the cow data are quite insignificant and may reflect a difference 
in metabolism between these species. A similar case is the apparent ketogenicity 
of acetic acid in the goats. There is a tendency for the correlation relationships 
to change in the animals on the test rations. In the cases cited, significance ap- 
pears, and would suggest that some factor is making its appearance that might 
be related to the milk-fat depression. As has been already shown, there is a sig- 
nificant increase in rumen propionic acid and a significant decrease in blood 
ketones, on restricted roughage rations. In regard to the ketones, rumen butyric 
acid appears distinctly ketogenic (Table 2), whereas the relationship of ketones 
to propionic acid is not consistent. 

The correlations between the rumen acids generally are very high. These high 
correlations are indicative of the dilution effects of feed, water, and saliva, as 
well as of the over-all fermentation, and are to be expected as a result of these 
effects. Marked exceptions to the general relationships of the rumen acids are 
that between propionic and butyric and, to a lesser extent, that between pro- 
pionic and acetic, when the cows and goats were fed on restricted roughage. 
The lowered relationships with propionic acid in milk fat-—depressed animals 
reflect how much the propionate fermentation is increased relative to the other 
rumen acids. Consequently, it would be predicted that the over-all effect will 
mask the true relationships that might occur between the rumen acids and blood 
const:.uents or milk fat. The effect may explain some of the anomalous corre- 
lations observed; for example, that between rumen propionic acid and blood 
ketones. 

The extent to which these data can be reconciled to the reported antiketo- 
genicity of propionate (6, 9, 19, 20) is demonstrated in the calculation of partial 
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correlations. The partial correlation for rumen propionic acid is —0.347** with 
ketone bodies and —0.560** with milk fat in fat-depressed cows when rumen acetic 
acid is held constant. Thus, propionic acid appears to have an exceedingly great 
antiketogenic effect, and bears highly significant negative relationships with milk 
fat, in milk fat—-depressed cows and goats. 

Thus, the results presented here are in essential agreement with other work 
on the metabolic effects of the addition of these fatty acids to the rumen or the 
injection of them into the blood (6, 19, 20). 

Experiment 2. In view of the fact that MeClymont (12) has already postu- 
lated that acetic acid is not the key factor in milk-fat depression, and that the 
results of the first experiment rather tended to support this view, an additional 
experiment was performed to compare—in normal lactating cows and milk fat— 
depressed cows—the arteriovenous differences in blood acetic acid and ketones. 

Two groups of five cows each were used. In the first group, two Guernseys 
(68G and 116G) and three Holsteins (421, 424, and 443) were maintained for a 
time on a normal ration consisting of hay ad libitum plus 8 lb. of concentrates 
per day. Cows 421 and 424 were then placed on a ration of approximately 25 Ib. 
of concentrates, plus about 7 lb. of alfalfa meal per day, while Cows 68G, 116G, 
and 443 were fed a ration of alfalfa meal ad libitum plus 8 lb. of concentrates 
per day. Triple blood samples (arterial, jugular, and mammary) were taken 
twice during the control period and twice during the experimental feeding 
period after the fat test had declined. The venous and arterial samples were 
drawn rapidly, with the least possible amount of excitement. The arterial sample 
was taken from the internal iliac artery via rectal puncture. 

In Table 3 are data on the levels of arterial, mammary-venous, and jugular- 
venous acetic acids and ketone bodies of normal lactating cows and of cows fed 
restricted or ground roughage. There was a decrease of arterial acetic acid from 
the normal in fat-depressed cows and the apparent decrease of either the mam- 
mary or venous levels was slight. Thus, it appears in the arteriovenous differences 
that the mammary gland as well as the peripheral tissues are utilizing less acetic 
acid under conditions of milk-fat depression. The udders of milk fat—-depressed 
animals appear to utilize proportionally slightly less of ihe available blood acetic 
acid (39% vs. 45% in controls). Smaller amounts of the ketone bodies appear 
to be utilized in milk fat—depressed animals. In these data, the mammary and 
the jugular venous levels have declined in milk-fat depression also, to about 
the same extent. 

Experiment 3. To test the possibility that milk of low-fat content might be 
the result of large amounts of propionic acid produced in the rumen, a series 
of trials was run feeding sodium acetate and sodium propionate to cows with 
low milk fat on restricted roughage diets. The cows were fed salts mixed with 
the rations during five-day periods. Sodium acetate trihydrate was fed at the 
rate of 1 lb. per day and sodium propionate at the molecular equivalent of 300 g. 
per day. Ten successful trials were run with sodium acetate and six with sodium 
propionate, utilizing the same cows. All trials were rejected in which the cow 
decreased consumption of the ration containing the salts. In some of the pro- 
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pionate trials it became necessary to administer the salt by drenching. The re- 
sults are shown in Figure 1. Acetate caused a considerable increase in milk fat with 
a sizeable carry-over effect. Sodium propionate tended to cause a decline in milk 
fat per vent that recovered soon after feeding of the salt was stopped. Milk fat 
production paralleled the percentage, but included a factor of lactation decline. 


3.0} 
z 
a ACETATE 
< PROPIONATE _____ 
0.8F 5 DAYS 10 15 20 
O7F\ 
A 
é \ 
\ 
as 
\ 
\ 


Fig. 1. Effect of sodium acetate and propionate on milk fat of cows fed restricted rough- 
age. Sodium acetate trihydrate (450 g/day) and sodium propionate anhydrous (300 g/day) 
were fed between days five and ten. 


DISCUSSION 

The results on rumen concentrations do not seem to support the theory of a 
deficient supply of acetic acid, as such, on the part of the rumen organisms 
under conditions of ground and/or restricted-roughage feeding. It should seem 
that the molar proportion of rumen acetic acid decreases not as a result of 
a décreased acetate production but rather because of an increased propionate 
fermentation, as is shown in Table 1. This is the conclusion of Maki (10), who 
has indicated that there is an increase in numbers of bacteria that produce pro- 
pionate, lactate, succinate, and acetate on restricted-roughage feeding. It was 
suggested that in isolated cases of milk-fat depression, the acetate fermentation 
is actually increased, but not nearly to the extent of production of propionate. 
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On the other hand, the results from the blood studies would indicate that 
acetate available to the mammary gland might be reduced. The reduction of 
rumen volume (1) on high-concentrate diets might be a factor involved. However, 
that acetate is not the only factor involved is suggested by the effects of feeding 
sodium propionate to cows producing low-fat milk, the effect being opposite that 
of feeding sodium acetate. In addition, levels of rumen propionic acid are 
negatively correlated with blood ketones, BHBA being a known milk fat precursor. 

From the present knowledge of propionic acid metabolism, it is not difficult 
to find in it a common cause that will account for most of the conditions observed 
in milk-fat depression. The strong antiketogenic properties of propionate are 
well established (7, 9, 14, 19, 20). Pennington (14) deseribes the manner in 
which ketone-body formation may be inhibited by propionate. Propionate is 
converted into succinate and eventually oxalacetate, with which condensation 
with acetyl-CoA would divert the latter away from acetoacetate formation toward 
oxidation in the Kreb’s cyele. 

Thus, it is possible that an increase in the propionate-acetate ratio might 
divert the pathway of acetate metabolism away from synthesis of ketone bodies 
or milk fat, and provide over-all a lowered utilization of acetate. Both acetate and 
propionate are bound by CoA and competition for the enzyme is possible. This 
hypothesis would place increased emphasis on the importance of the ratio of 
rumen acids and is in harmony with the effects of feeding acetate and propionate 
salts to cows producing low milk fat. 
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SUMMARY 


Thyroparathyroidectomy was performed in 58 albino rats at Day 4 of laetation. The 
mother rats lost considerable body weight after the operation due, at least partially, 
to a reduced food intake. Replacement therapy was started immediately after operation. 
All animals received daily 3.5 yg. 1-thyroxine/100 g. body weight and graded amounts 
of parathormone (PH) until Days 13 and 14 of lactation, respectively. 

Based on the litter weight increase, daily injections of ten, 2 x 20 and 3 x 20 U.S.P. 
units of PH did not restore lactation to average control levels, whereas seven animals with 
presumed accessory parathyroid tissue reached normal or better than control levels. 
However, based on the weight of milk obtained on Day 14 of lactation under standardized 
conditions, expressed as per cent of the litter body weight as a criterion, 3 x 20 U.S.P. 
units PH /day resulted in successful replacement therapy in ten animals. Many incidents 
of tetany were recorded after discontinuing the PH supply and also in excellent lactating 
animals which were given 2 X 20 U.S.P. units PH/day. The withdrawal of PH on Day 
13 resulted on Day 14 of lactation in a reduced blood calcium level, tetany, nervousness, 
depressed food intake and body weight, irregular nursing, disturbed lactogenie hormone 
discharge from the pituitary gland, presumably in an interruption of the let-down mech- | 
anism, and in markedly reduced milk yields. 


The role of the parathyroid gland and its hormone, parathormone (PH), has 
been recognized for many years as playing a part in the incidence of parturient 
paresis (milk fever) in cattle, coincident with a reduction in blood Ca and P 
following parturition (2, 3, 23, 26). However, with Ca replacement therapy the 
symptoms are usually quickly alleviated and lactation continues. It has been 
assumed that the cause of this condition is a transient lowering of blood Ca and P 
following parturition, as intense milk secretion is initiated before the para- 
thyroid glands are prepared to mobilize the Ca and P required for intense lac- 
tation. The question of the role of the parathyroid glands during normal lac- 
tation has received seant attention. It is possible, however, that parathyroid 
hormone (PH) secretion may be a factor which might tend to limit the secretion 
of milk throughout the lactation period (25). That the hormone is essential for 
normal lactation has been indicated, but no one has maintained normal lacta- 
tion in parathyroidectomized animals (1, 6, 7, 8, 10, 11). 

In the removal of the parathyroid glands in the rat, it is necessary to remove 
the thyroid glands also, due to their location (24). Lactation replacement 
thereapy, therefore, involves both thyroxine and the parathyroid hormone. It 
might be pointed out in passing that in previous studies of PH replacement, 


Received for publication August 10, 1959. 


* Contribution from Missouri Agricultural Experiment Station, Journal Series No. 2033. 
Approved by the Director. 

* Research Fellow of Federal Ministry of Nutrition and Agriculture, Bonn, Federal Repub- 
lie of Germany. This investigation was supported in part by research grants from Public 
Health Service. 


1986 


4 


REPLACEMENT THERAPY IN LACTATING RATS 1987 


excessive amounts of thyroxine were administered (9). The hyperthyroidism 
so induced would have had a depressing effect on lactation even though para- 
thyroid hormone replacement level was adequate. In the present study an 
optimal level of thyroxine was injected with graded levels of PH to determine 
the optimal level of PH for normal lactation in the albino rat. 


MATERIALS AND METHODS 


Primiparous lactating rats of the Sprague-Dawley-Rolfsmeyer strain were 
housed in individual cages, fed Purina Lab Chow and water ad libitum. The 
animal room was maintained at a uniform temperature of 78 + 1° F. Shortly 
after delivery each litter was reduced to six young. Thyroparathyroidectomy 
was performed on Day 4 of lactation under combined Nembutal and ether 
anesthesia by a technique slightly modified from that of D’Amour and Blood 
(5). Care was taken that all visible thyroid and parathyroid tissue was removed 
and that the recurrent laryngeal nerve was not disturbed. In some groups, the 
completeness of thyroidectomy was checked by injection of 2 ye. I'*! intra- 
peritoneally, immediately after surgery. The 24 hr. uptake of I'*! in the thyroid 
region was used as a criterion of completeness of thyroid removal. Replacement 
therapy was started shortly after operation. All animals were injected uni- 
formly with 3.5 wg. 1-thyroxine/100 g. body weight and graded amounts of PH* 
(Table 1). Milk secretion was measured by the increase in mean litter weight to 
Day 14. As a further check on lactation intensity, the amount of milk removed 
by the litter on Day 14 was estimated by the method described by Grosvenor 
and Turner (13). Milk was weighed on a balance accurate to 0.1 g. The mother 
rats were killed by etherization, then decapitated for blood collection when 
serum determinations were made. Serum calcium was determined by the method 
of Clark and Collip (4), as described by Harrow and Alii (22). The pituitaries 
were removed rapidly, weighed on a micro-balance accurate to 0.05 mg., and 
frozen for lactogenic hormone assay (16). 


* Supplied by Eli Lilly and Company, Indianapolis, Ind. 


TABLE 1 
Replacement therapy with thyroxine and graded levels of parathyroid hormone 
No. of mothers No. of young of surviving 
Daily replacement Dead with mothers 
therapy“ para- Day 4 tetany during Day 14 Day 4 Dead during Day 14 
thyroid hormone p.p. experiment p.p. p.p. experiment p.p. 
No U.S.P.” 10 2 8 48 4 44 
10 U.S.P. 10 1 9 54 13 41 
2 X 20 U.S.P. 10 3 4 42 1 41 
3 X 20 U.S.P.‘ 11 1 10 60 60 
Accessory glands( ?) 7 42 1 


* All rats received 3.5 ug. thyroxine/100 g. body weight daily from the fourth to the 
13th day of lactation by subcutaneous injection. The rats in Group 3 X 20 reeeived the first 
injection 24 hr. after operation at Day 5 p.p., the next injection at Day 7 p.p. 

»The parathyroid hormone was standardized in terms of U.S.P. units. It was injected 
subeutaneously from Day 4 to Day 13 of lactation, in the 3 X 20 group to Day 14. 

*Two microcuries I immediately after operation. 
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RESULTS 


The mother rats showed losses in body weight after the operation until Day 9. 
They recovered, but did not show final weight gain equal to normal rats (Table 2). 
The group receiving 3 X 20 U.S.P. units was given 2 X 30 U.S.P. units PH on 
Day 14 previous to the lactation test. This resulted in normal behavior and 
normal food intake, in contrast to the other groups in which PH replacement 
therapy was not given or was discontinued on Day 13. Hormone withdrawal 
on Day 13 increased nervousness and depressed food intake and body weight 
on Day 14. 

The average weight gain of the litters remained below the figures for control 
animals (Table 3); whereas, 10 U.S.P. units PH/day were ineffective, 2 x 20 
and 3 X 20 U.S.P. units PH /day, respectively, showed fairly successful replace- 
ment therapy. However, the withdrawal of the 10 and 2 X 20 U.S.P. units 
PH/day, respectively, on Day 13 resulted in a sharp drop of the growth curve. 
This was not observed in the seven animals with presumed accessory parathyroid 
tissues which reached practically control levels. There is no explanation for the 
drop in the growth curve of the animals which received no parathormone re- 
placement therapy (Figure 1). 


TABLE 2 
Body weight of mother rats 


Average body weight of surviving mothers 


during lactation Average 


body weight 


Daily replace- Day 14 —— loss of sur- 
ment therapy Evening viving mothers 
parathyroid Pre- Post- between Day 4 
hormone Day 4 Day 9 Morning nursing nursing and Day 14 
(g.) (%) 
No U.S.P. 270.9 248.6 249.9 241.9 240.4 30.5 11.0 + 3.2 
10 U.S.P. 285.1 243.2 252.4 257.2 254.1 31.0 10.8 + 2.1 
2 X 20 U.S.P. 289.7 265.1 266.6 263.3 259.7 30.0 10.2 + 1.5 
3 X 20 U.S.P. 275.6 262.6 266.6 278.6 271.0 4.6 1.7 + 2.6 
Accessory 
glands (?) 262.0 253.7 263.4 261.6 252.0 10.0 3.6 1.7 
Controls n: 35 291.97 300.03 +8.0 +3.2 + 1.5 


Average litter weight 


Daily replacement 
therapy parathyroid 


TABLE 3 


Day of lactation 


gain between Day 4 and Day 14 of lactation 


hormone 4 14 Weight gain 
(9.) (g)* (%) 
No U.S.P. 56.0 93.1 67.2 + 16.5 
10 U.S.P. 58.9 85.2 45.9 + 19.0 
2 X 20 U.S.P. 58.9 137.1 133.5 + 16.4 
3 X 20 U.S.P. 56.7 138.8 145.5 + 6.9 
Aceessory glands (?) 56.9 156.3 175.0 + 9.7 
Control n: 35 58.8 172-7" 1945+ 
165.6 


Control® n:30 


“Corrected for weight of milk obtained during 30 min. of nursing at Day 14. 
» Noncorrected for milk obtained during 30 min. of nursing. 
“Data from Grosvenor and Turner (20): 30 rats, 3 ug/100 g/day 1-thyroxine 
subeutaneously, Days 7-13. 
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GROWTH CURVE OF YOUNG 
ALL ANIMALS RECEIVED 3.57 LTHYROXINE /1004m 
BODY WEIGHT /DAY UNTIL DAY 13 


4735 CONTROL ANIMALS 
, ACCESSORY PARATHYROID GLANDS 


3X20 USP UNITS PH UNTIL DAY 14 
/---— 10 USP UNITS PH UNTIL DAY 13 
NO PARATHORMONE 


PH = PARATHORMONE 


AVG. WTigmOF YOUNG AT DAY 14 AFTER 30 MIN. SUCKLING 


11 12 13 14 #DAY POST PARTUM 

Fie. 1. Average weight of young at Day 14 after nursing. The withdrawal of para- 
thormone (PH) at Day 13 in groups on ten and 2 X 20 U.S.P. units PH, respectively, resulted 
in a drop in the growth curve of young. This was not observed in the young of mothers 
believed to have accessory parathyroid tissue. 


In all groups, incidences of tetany were observed, except in those animals 
which have been considered to have accessory parathyroid tissue (Table 4). The 
better the lactational performance due to replacement therapy, based on the 
litter weight increase, the more severe and more frequent became the attacks 
of tetany, especially when 2 X 20 U.S.P. units PH were given daily. Only one 
rat which received 3 X 20 U.S.P. units PH died in a fatal attack of tetany, after 
having been the best lactator in this group, as indicated by litte weight gain. 


TABLE 4 
Incidence of tetany 


Daily replacement- 


therapy para- as Days post partum 


thyroid hormone 4 5 6 7 8 9 10 11 12 13 14 
No PH TT 
10 U.S.P. 
2 X 20 US.P. t tT T t 
3 X 20 U.S.P. t t 
Accessory glands (?) 
T: fatal. 


t: animal survived. 

“Heavy attack of tetany during nursing. 

» Second attack of the same animal. 

In all cases when tetany was recorded, 20 to 30 U.S.P. units PH were given immediately, 
intraperitoneally and subcutaneously. 
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On the other hand, the withdrawal of parathormone on Day 13 resulted in 
many cases of tetany on Day 14 in the groups which received 10 and 2 X 20 
U.S.P. units PH daily. 

In the group on 3 X 20 U.S.P. units, certain animals had a pulmonary 
condition which interfered with lactation, as indicated by reduced litter growth. 
These animals were discarded, but it is interesting to note that tetany also 
occurred in many of these animals after the withdrawal of PH. 

In the groups on 10 and 2 X 20 U.S.P. units PH replacement therapy, treat- 
ment was discontinued on Day 13 and the lactation test described by Grosvenor 
and Turner (13) conducted on Day 14. The withdrawal of hormone on Day 13 
increased the nervousness and depressed the food intake. As a result, the milk 
yields were low. In contrast, the group on 3 X 20 U.S.P. units received 2 30 
U.S.P. units PH on Day 14. In spite of the fact that litter weight increase was 
almost the same as in the 2 X 20 U.S.P. units group, the mean milk yield exceeded 
that of control animals. The animals believed to possess accessory parathyroid 
glands (had received daily no, ten, and 2 X 20 U.S.P. units PH, respectively, 
plus 3.5 pg. 1-thyroxine/100 g. body weight) showed the highest mean milk yield, 
although the PH, if given, was discontinued on Day 13. 

Many of the mother rats receiving no PH or 10 and 2 X 20 U.S.P. units 
PH/day, respectively, until Day 13 were unable to give any milk, although 
the young had been suckling continuously. 

The stimulus of nursing causes a release of oxytocin which facilitates the 
removal of milk and simultaneously causes the discharge of lactogenic hormone 
(12, 17). These effects can be blocked by Nembutal anesthesia (15). The poor 
milk yields on the lower levels of pH and after its withdrawal on Day 13 
suggested that calcium deficiency and resulting effects on the nervous system 
might interfere with the normal transmission of the nursing stimuli and subse- 
quent oxytocin and lactogen release. Data are not available on the release of 
oxytocin in these animals at the time of nursing. However, the pituitaries of 
the various groups were assayed for lactogenic hormone (16). Since the pitui- 
taries were obtained after nursing, they would be expected to show low post- 
nursing levels of lactogenic hormone if normal release had occurred (17). 
However, as it is shown in Table 5, only the animals receiving 3 X 20 U.S.P. 
units of PH until Day 14 show a normal post-nursing level; whereas, groups 
on 10 and 2 X 20 U.S.P. units PH until Day 13 indicate an elevated concentra- 
tion ranging between pre- and post-nursing levels. The animals which did not 
receive pH indicated that very little lactogenic hormone discharge had occurred 
during the nursing period. The gradual decline of lactogenic hormone concentra- 
tion combined with an increasing yield of milk is believed to indicate that replace- 
ment therapy and more nearly normal blood Ca levels permitted improved trans- 
mission of the nursing stimuli to lactogen and oxytocin release. 

However, no explanation can be given for the high post-nursing lactogenic 
hormone concentration in the pituitaries of the seven animals with presumed 
accessory parathyroid tissues. A similar phenomenon was described by Grosvenor 
and Turner (17) at Day 21 of lactation in intact animals. 
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Since it was observed that the young of rats which suffered tetany while 
nursing were unable to obtain milk, preliminary serum calcium determinations 
were made to determine if there was a relation between serum calcium level and the 
lactational performance. Two groups of ten lactating rats were injected with 
3 x 20 U.S.P. units PH daily after thyroparathyroidectomy. In one group, the 
PH injections were discontinued 24 hr. before the end of the experiment. The 
second group was injected with 2 x 30 U.S.P. units PH on Day 14 during the 
last 12 hr. of the experiment. After withdrawal of PH on Day 13, the serum 
Ca level dropped within 24 hr. to 7.95 + 0.51 mg. %. In the second group in 
which PH was given until the end of the experiment, serum Ca level was 
11.45 + 0.39 mg. So. This observation supports the suggestion that withdrawal 
of the parathormone on Day 13 by reducing the blood calcium level influences 
the neural transmission of the nursing stimuli. 

The ability of the thyroid gland to concentrate I'*! was used as a criterion 
to check the completeness of the removal of thyroid tissue. The 24-hr. uptake 
of L'*! by the thyroid gland of intact animals of this strain of rats was between 
10 and 20% of the injected dose. In the thyroparathyroidectomized animals the 
24-hr. uptake of ['*' injected immediately after surgery was only 0.76 + 0.25%. 
Since ['*! is excreted in the urine, the bladder of these animals was checked 
simultaneously and 2.89 + 0.96% of the injected dose was detected. These 
data lead to the conclusion that no appreciable amount of thyroid tissue was 
left in the neck region. 

DISCUSSION 

Replacement therapy has not yet been achieved in the thyroparathyroid- 
ectomized lactating albino rat. For such replacement, it is necessary to provide 
not only optimal amounts of parathormone but of thyroxine as well. Recently, 
in this laboratory, the variation in thyroxine secretion rate (TSR) of this strain 
of lactating rats has been determined. The mean TSR was 2.2 yg per 100 g. 
body weight, with maximum rate of 3.5 wg. (18, 19). Optimal replacement of 
thyroxine should result at this level. The effectiveness of 3.0 pg./100 g. body 
weight administered to intact lactating rats was shown to increase their milk 
production by 37% (20). With this information at hand, the determination 
of the parathormone requirement during lactation should be facilitated. 

The rats were thyroparathyroidectomized on Day 4 of lactation. Without 
parathormone replacement (thyroxine given) the increase in litter weight 
was minimal, indicating poor lactation capacity. As the parathormone was in- 
creased to ten there was a slight increase, and with 2 < 20 U.S.P. units, a marked 
increase in litter weight, although still considerably below normal. It was hoped 
that the increase to 3 X 20 U.S.P. units would further improve mean litter weight. 
In this we were disappointed, for litter weight was not increased. That the 
higher level was effective in maintaining more nearly normal Ca levels is 
indicated by the absence of tetany, except in a single animal, compared to more 
frequent tetany in the group on 2 X 20 U.S.P. units. 

It is possible that surgery on Day 4 of lactation is a sufficient stress on the 
mothers to interfere with lactation and impede litter growth, which can not be 
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recovered during the test period. The evidence for the rate of lactation on Day 14 
should be of interest in connection with this problem. In the first groups, the 
hormone was discontinued on Day 13. The milk yields on Day 14 were seriously 
influenced by this withdrawal. The observations obtained, however, were of 
great interest, for they showed that the hormone’s action is of short duration 
for serum Ca decreased, incidence of tetany increased, and the nervous mech- 
anism of oxytocin and lactogen discharge impeded. 

In the group given 3 X 20 U.S.P. units up to and including Day 14, the mean 
milk yield was 7.46 + 0.72 g., which surpassed the control milk yield but did 
not equal the milk yield of normal animals given thyroxine. But, since the body 
weight of the young is somewhat lower in this study, the values for the amount 
of milk divided by the weight of litters reaches almost the same level found 
by Grosvenor and Turner (20) in intact rats, given 3.0 pg. 1-thyroxine/100 g. 
body weight/day to improve the milk yield. 

The fact that 3 X 20 U.S.P. units per day, while not stimulating normal 
litter growth, appeared to control tetany (except in one intense lactator), and 
on Day 14 produced a mean milk yield approaching that of normal rats given 
thyroxine, is believed to indicate that this level of parathormone therapy is close 


to the optimal level. 
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A CRITICAL STUDY OF ENERGY DETERMINATION IN 
FRESH AND DRIED COW FECES! 


H. FENNER anp J. G. ARCHIBALD 
Dairy and Animal Science Department, Massachusetts Agricultural Experiment Station, Amherst 


SUMMARY 


An accurate method of determining energy in fresh feces is described in detail. The 
energy content of eight samples of cow feces was determined in freeze-dried, oven-dried, 
and fresh feces. Moisture was determined by freeze drying, by the toluene distillation 
method, and by oven drying at 80° C. The three methods are compared and diseussed. 

The results of the duplicate energy determinations in the feces dried by two different 
methods, and the triplicate determinations in the fresh feces caleulated on a comparable 
basis by means of the three different moisture determinations, are compared and evalu- 
ated and their errors discussed. The difference betwecn the energy content of freeze- 
dried, oven-dried, and fresh feces calculated to a comparable basis by means of the 
most reliable water determination used in this study (freeze drying) was less than 2%. 


Two papers (2, 6) have been published recently dealing with the determi- 
nation of energy in fresh cow feces employing a combustion primer. These in- 
vestigators used ethanol to promote combustion and found energy values averaging 
13.8% (range—4.1-20.9% ) and 3.3 + 3.1% higher than when the same material 
was oven-dried and then burned in the usual way. The lower values in the oven- 
dried material were attributed to fermentation and loss of ammonia and other 
volatile substances during the drying process. 

The first investigators (2) worked with feces having a dry matter content 
of 20-25%. The average dry matter content of cow feces collected in recent 
digestion trials at this station has been approximately 12% (range 10-14%). 
Complete combustion of such wet feces was found to be impossible when 1 ml. of 
ethanol was added to a 2-g. sample. The senior author of this paper developed a 
new technique in 1956 to overcome this difficulty and has made a thorough, de- 
tailed study of the factors which affect the determination. 

EXPERIMENTAL PROCEDURE 

The first step was an attempt to secure complete combustion by mixing ethanol 
with feces, using a short piece of glass rod (3 em. long by 0.35 em. diameter), 
the rod being left in the combustion cup during the determination. Control tests 
with benzoic acid showed no change in energy value due to inclusion of the glass 
rod. Complete combustion was attained by this procedure, but it at once posed 
another problem. The mixing process resulted in volatilization of a considerable 
amount of ethanol, which gave lower results and also made it very difficult to 
obtain triplicate determinations within an acceptable range of variation. The 
error was further compounded by the high ratio of the energy in the added ethanol 
to the energy in the sample of fresh feces (approximately 5 or 6:1). For these 
reasons the use of ethanol as a primer was abandoned. 
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Search for a suitable substitute resulted in the choice of dimethylformamide. 
This organic solvent has a boiling point of 153° C. and has the following ad- 
vantages: (a) Loss due to velatilization during preliminary manipulations ap- 
parently approaches zero; (b) it ean be weighed on an analytical balance instead 
of being measured by a pipette, thus contributing to greater accuracy; (¢) slow 
combustion results in a slow and uniform rise in temperature in the adiabatic 
calorimeter, an especially desirable feature. ' 

The method in this final form has been used for the energy determinations 
in fresh feces, reported in this paper. Energy was determined also on samples 
of feces which were dried in an oven at 80° C. with foreed-air circulation, and 
by freeze drying. A separate duplicate water determination of a 3-g. sample of 
both types of dried, ground feces was made in an oven at 105° C. for 3 hr. at the 
same time. These results are used only for the calculation of the energy in the 
samples of dried feces to dry matter basis. 

To compare the results of the energy determination of fresh feces with those 
for the dry feces, it is necessary to know the exact total water content of fresh 
feces. Therefore, the moisture content of the feces in the present experiment 
was determined in three different ways: (a) By the toluene distillation method, 
using 100-g. aliquots; (b) by oven drying at 80° C. with forced-air circulation ; 
(¢) by lyophilizing (freeze drying). 

If in the Sterling-Bidwell toluene distillation method the 25-ml. capacity 
side-arm receiver (0.2-ml. divisions) is used, the amount of water can at best 
be read by estimate to only 0.1 ml. Conversion of such a reading to a percentage 
basis compounds any error fourfold. This means that a side-arm receiver of this 
capacity permits an accuracy of 0.5% on the wet basis. Converted to a dry 
basis any error can be compounded as much as eight times. Therefore, specially 
designed side-arm receivers of 100-ml. capacity graduated from 75-100 ml. in 
0.1-ml. intervals were used in these experiments. For the freeze drying, 70-g. 
samples weighed to the nearest 0.1 g. were used and dried by the usual procedure, 
after some water was added to secure a more even distribution along the walls 
of the container. 

Two of the quadruplicates of each sampie were used for the water determi- 
nation. After drying under high vacuum was completed, the bottles were im- 
mediately stoppered and weighed. To be sure that all water was removed, the 
bottles were placed in an oven at 105° C. for 3 hr., weighed again, and these final 
results used for the calculation of the water determination. 

Although duplicate aliquots were used for the toluene distillation method and 
for the freeze-drying method, only a single sample of approximately 1,200 g. was 
used for oven drying. This represented the bulk of the ten-day composite from 
a digestion trial. The drying was done in shallow agateware pans (16 by 12 by 
2% in.) in a large thermostatically controlled oven specially designed for the 
rapid drying of large samples. The drying was accelerated by frequent stirring, 
to break the crust which formed, and was completed in about 6-7 hr. 
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RESULTS AND DISCUSSION 


Gross energy values (by actual Getermination). A glance at the average 
values in Table 1 shows that there is a consistently higher energy content in the 
freeze-dried feces than in the corres} »nding oven-dried samples. This might be 
due to a greater loss of volatile compcunds with relatively low energy values 
during the freeze-drying process than during oven drying. This would result 
in a small gain of energy per unit of weight. 

Comparing the variation of the duplicate determinations of energy by both 
methods, very little difference is noted. The higher variation in the determina- 
tions of the freeze-dried feces reflects difficulty in handling the light, fluffy 
material resulting from this procedure. The variation among the triplicate 
determinations of the energy in fresh cow feces, which is five to six times higher 
than that obtained by freeze drying or oven drying, is caused by the heterogenous 
character of fresh cow feces and by the variation in the amount of primer which 
was added to start combustion. The blank deducted from gross energy of fresh 
feces plus primer is the average value of five determinations which had a standard 
variation of 0.21%. The normal energy ratio of this primer to fresh feces is 
4 or 5:1. Therefore, a variation of the primer alone can result in a variation 
in energy value of the fresh cow feces of 0.8 to 1.0%. 

Moisture determination. The results in Table 2 show that the dry matter 
values obtained by oven drying at 80° C. are consistently higher than those 
obtained by either the toluene or the freeze-drying method. Comparing the results 
of the freeze-drying and toluene methods, it must be stated that only half the 
values show any considerable difference. The average dry matter value for the 
toluene method is 1.33% lower, and for oven drying at 80° C. is 2.57% higher, 
than the average dry matter content of the lyophilized feces.* The consistently 
higher dry matter values of the oven-drying method at 80° C. are due to incom- 


* This value equals 100%. 


TABLE 1 
Detailed gross energy values in cow feces as obtained by three methods 
In freeze-dried feces In oven-dried feces In fresh feces* 
Mean value Mean value Mean value 
Cow of 2 deter- of 2 deter- of 3 deter- 
No. minations Variation minations Variation minations Variation 
(cal/g 
(cal/gd.m.) (cal/g) (%) (eal/qdm.) (eal/g) (%) fresh) (cal/g) (%) 
2 4,889.4 2.46 05 4,853.6 22.30 46 645.7 7.94 1.2% 
8 4,876.2 17.52 35 4,846.8 5.29 1 507.6 9.51 1.87 
10 5,067.8 21.07 42 4,988.8 8.60 593.8 12.60 
1 4,933.4 7.02 14 4,855.8 .29 01 715.6 4.57 64 
16 4,915.6 5.44 4,880.1 13.33 676.3 
17 5,089.5 11.36 22 5,064.7 5.48 11 582.5 3.59 .62 
20 4,955.2 2.83 06 4,902.3 3.84 08 716.2 4.42 2 
40 5,088.0 9.04 .18 4,993.8 1.68 03 563.7 5.22 93 
Av. 4,976.9 9.59 19 4,915.7 7.60 16 625.2 6.09 1.02 


“See Table 3 for energy values in fresh feces caleulated to dry matter basis by using the 
results from the three methods of moisture determination as set forth in Table 2. 
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TABLE 2 


Detailed moisture values in cow feces as obtained by three methods 


Oven-dried at 


so” 

Toluene method 100-g. sample Freeze-drying 70-g. sample —— — 

% Dry matter Variation % Dry matter Variation —@§ ——____ 

Mean value in% of Mean value in % of % Dry matter 

Cow of 2 deter- Varia- mean of 2 deter- Varia- mean One determi- 
No. minations tion value minations tion value nation 
(%) (%) 

2 13.35 12 90 13.51 01 07 13.48 
8 10.16 Af 1.67 10.63 .04 .38 11.16 
10 11.76 31 2.64 12.12 01 .O7 12.46 
11 14.77 13 .88 14.76 .04 27 15.06 
16 14.05 01 14.04 14.60 
17 11.66 18 1.54 11.67 05 43 11.77 
20 14.46 01 07 14.78 15 1.01 14.98 
40 10.96 Ry 1.55 10.99 16 1.46 11.64 


Av. 12.64 14 1.16 12.81 06 47 13.14 


plete removal of the hygroscopic moisture. It will be shown (in Subsection 3 of 
Table 3) that this constant error results in somewhat lower calculated energy 
values in the dry matter, when the moisture factors thus obtained are applied 
to the energy values obtained with fresh feces. A comparison of the average 
variation of duplicate determinations of the toluene and freeze-drying methods 
(see Table 2) shows that the variation of the results of the toluene method is 
more than twice that of the average value of freeze drying, even though specially 
designed side-arm receivers were used. 

Gross energy values (calculated from energy values of fresh feces and moisture 
determinations by the three different methods). Study of Table 3 shows that 
the method of moisture determination has a considerable effect on the final result, 
when the values determined in fresh feces are calculated to the dry basis, using 
the moisture factors from Table 2. Only the variation of the triplicate energy 


TABLE 3 
Calculated gross energy values* 
Toluene method Freeze-dried Oven-dried at 80° C, 
Mean value Mean value Mean value 
Cow of 3 deter- Varia- of 3 deter- Varia- of 3 deter- Varia- 
No. minations tion minations tion minations tion 
(cal/g (cal/g) (cal/g (cal/g) (eal/g a.m.) (cal/g) 
2 4,836.6 59.49 4,779.3 58.79 4,807.8 59.14 
Ss 4,996.1 93.45 4,775.2 89.30 4,548.4 85.05 
10 5,049.6 102.17 4,899.6 104.36 4,765.9 101.51 
11 4,844.7 31.01 4,847.9 31.03 4,751.4 30.42 
16 4,813.5 6.26 4,816.9 6.26 4,644.1 6.02 
17 4,995.7 30.97 4,991.4 30.95 4,949.0 30.68 
20 4,952.7 30.71 4,845.5 30.04 4,780.8 29.64 
40 5,142.9 47.83 5,128.9 47.70 4,842.5 45.03 
Av. 4,954.7 50.23 4,885.6 49.80 4,761.2 48.44 


* Energy in fresh feces calculated to dry matter basis using the results of the three methods 
of water determination. 
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determination, not the influence of the variation of the duplicate water determi- 
nation, is included in these figures. Therefore, the values for per cent variation 
are the same as those obtained from the values for fresh feces in Table 1. 

The energy values of oven-dried feces were used for comparison with those 
from fresh feces calculated to the dry matter basis, using the results of the three 
different methods of water determination. Using the toluene method, the energy 
content of the calculated feces was 0.79% higher than that of the oven-dried feces ; 
using the freeze-drying method and the oven drying at 80° C., these calculated 
values were 0.61 and 3.14% lower than the energy content of the oven-dried feces. 
This last high value reflects, as mentioned above, the incomplete removal of 
moisture in an oven at 80° C. According to these results, there seems to be 
no important difference between the energy content of oven-dried cow feces and 
the corresponding fresh feces burned by the aid of a primer (diamethylforma- 
mide) and calculated to a comparable basis by means of the moisture determi- 
nation, using the Sterling-Bidwell toluene method or freeze drying. 

These results are not in agreement with the findings of many researchers 
during the last 100 yr., whose interest was directed mainly to the loss of nitrogen 
during the oven drying of feces. A few of their results are listed in Table 5. 


TABLE 4 


Heat of combustion of some compounds in excrements which might be 
affected by the drying process 


Density 
Name Keal/mol (13) Mol. wt.(9) Cal/g g/ml(9) 
Ammonia 55.01(18) 17.03 3,230.18 lq. 0.817" 
Hippuric Acid 1,012.0 179.17 5,648.27 1.371 
Urea 152.0 60.06 2,530.80 1.335 
Uric Acid 460.20 168.11 2,737.49 1.893 
TABLE 5 
Nitrogen loss during drying of feces expressed as per cent of total N 
Cow Horse Sheep Hog Rabbit 
(%) 
1.20-1,85 ( 8) 0.00 (22) 0.42 (24) 1.66— 2.03 ( 5) 0.55-5.56 (7) 
2.52 (24) 0.00-1.27 (21) 0.00-2.34 (15) 2.88 (24) 
3.00-4.50 ( 1) 2.56 (14) 2.66 (16) 2.28— 9.74 ( 3) 
4.86-6.70 (11) 4.43 (19) 2.79-10.34 (17) 
4.48-7.19 (12) 5.93 (24) 2.98— 9.85 ( 4) 
0.00-6.44 (23) 8.06 (20) 


Up to 10.00 (10) 


Most of these figures, of course, do not represent the nitrogen loss alone but 
are due in part to error in water determination. Doubtless any loss of organic 
material during the drying process will also result in too high a water value, 
which in the calculation on a comparable basis will cause an over-estimation of 
the nitrogen loss. 

The same is true for the energy determination. The following general facts 
may be deduced for the energy loss during the drying process of feces: 
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If the energy value of 1 g. volatile organic material is higher than that of 
1 g. residual dry matter, the energy content of 1 g. dry matter in fresh feces 
will be higher than that of 1 g. dry matter in the dried feces. 

If the energy value of 1 g. volatile organic material is lower than that of 1 g. 
residual dry matter, the energy content of 1 g. dry matter in fresh feces must 
be lower than that of 1 g. dry matter in the dried feces. 

If the energy value of 1 g. volatile organic material is the same as 1 g. resid- 
ual dry matter, the energy content of 1 g. dry matter in fresh feces will be equal 
to that of 1 g. dry matter in the dried feces. 

Kleiber (12), who investigated the loss of organic matter during drying, used a 
specially designed oven. He determined the carbon losses during the drying of 
cattle feces and found in 14 trials a loss of 1.36 + 0.08% C of the total carbon 
content of feces; 45-65% of this C loss was combustible. Ghoneim (7), who also 
used a specially designed system found, in 11 trials with rabbit feces, an energy 
loss of 1.37%, ranging from 0.51 to 2.89% at a drying temperature up to 110° C. 

Since Kleiber found that only about haif of the lost carbon was combustible, 
and most of the nitrogen loss appeared in the form of atamonia (20) which has an 
energy value of only 3,230 calories per gram (Table 4), it must be assumed that 
the energy content of 1 g. of volatile organic material in fresh cow feces is 
smaller than that of 1 g. dried feces. According to the second statement above, 
this means that the energy content of 1 g. dry matter in fresh feces has a lower 
energy content than 1 g. dry matter in dried feces, or the displacement of volatile 
organic material of low-energy content per gram during the drying process has 
resulted in a small increase in energy content per gram dry matter. 

The application of this point of view to the results of the experiment de- 
scribed above would mean that the calculated energy contents of fresh feces 
using the toluene method and the freeze-drying method and the energy value of 
the oven- and freeze-dried feces are too high. The actual energy value of 1 g. 
dry matter of fresh feces must be somewhere between the value obtained in fresh 
feces and ealeulated by the water determination at 80° C. and the energy content 
of oven-dried feces. A reliable figure is not available from research conducted 
thus far, because of the inaccuracy of the water determination, which is necessary 
for the calculation of the results for energy to a comparable basis. There is no 
method in general use which would exclude the volatile compounds from measure- 
ment as water. 

secause this study shows that the difference between the energy content of 
oven-dried feces and fresh feces, calculated on a comparable basis by means of the 
freeze-drying water determination, is relatively small (averaging only 0.61% ), 
it appears that the method used in this study to determine the energy content in 
fresh feces gives satisfactory results (variation range 1.0%). It is particularly 
useful in studies where the digestibility of protein and energy are the only 
values of interest. 

In studies where the feces have to be dried and ground, it is much less time- 
consuming to obtain closely agreeing parallel results (variation range 0.2% ) 
by determining gross energy in the dried and ground material. In such a case, 
more emphasis should be put on the accuracy of the water determination. 


(1) 


(18) 


(19) 


(20) 
(21) 
(22) 
(23) 
(24) 
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TECHNICAL NOTES 


COLD SHOCK OF EPIDIDYMAL SPERMATOZOA 


Lasley and coworkers (3, 4, 5) reported that 
epididymal spermatozoa were resistant to cold 
shock and that ejaculated spermatozoa were not. 
They have likewise reported that ejaculated 
seminal plasma did not affeet the cold shock 
response of epididymal spermatozoa and that 
as spermatozoa progressed from their place of 
origin outward they became more sensitive to 
shock. Bialy and Smith (1) reported that in 
the ductus deferens and ampulla of the bull 
there was not a sufficient number of spermatozoa 
to comprise an average ejaculate. Thus, it ap- 
peared that during their transition from the 
epididymis to the time that spermatozoa became 
a part of the ejaculate, the cells became sus- 
ceptible to cold shock. 

Spermatozoa for this study were obtained 
from slaughterhouse bulls. Testes and ampul- 
lae from the same bull were kept together. The 
time interval between the slaughter and the be- 
ginning of experimental work was approxi- 
mately 2 hr. Spermatozoa from the cauda 
epididymis and the ampulla were washed out 
under pressure with a 2.9% sodium citrate 
solution, utilizing about 15 ml. of fluid. Am- 
pullae from 13 bulls were utilized in the study 
ot cold shock of ampullar sperm. The work with 
epididymal sperm involved 25 bulls. Experi- 
mentation was not undertaken until full mo- 
tility of epididymal spermatozoa was visible. 
Evaluations of the per cent of motile sperm 
were made with the aid of the microscope. Cold 
shock consisted of placing 1-ml. volumes of 
suspended spermatozoa from room temperature 
(about 25° C.) into a bath at 0° C. for 10 min. 
The epididymal samples were treated as fol- 
lows: 

A—Fresh, untreated 

B—Sample A, cold-shocked 

(—Sample A, injected once through a cor- 

responding ampulla from which endog- 
enous spermatozoa previously were evac- 
uated. 

D—Sample C, cold-shocked. 


Spermatozoa from the ampullae showed very 
little resistance to cold shock, with the un- 
treated samples showing 76.5% motile sperma- 
tozoa and the cold-shocked only 23.3%. The 
differences among the epididymal samples were 
analyzed according to Snedecor (6) and Dun- 
ean (2). Comparison of the means is shown 
in Table 1. 

The results obtained in this study follow 
closely the results obtained by previously men- 
tioned workers (3, 4, 5). Histological exami- 


TABLE 1 
Comparison of the mean per cent motility rating 
of the cauda epididymal spermatozoa 
Treatment A C B D 
Mean“ 77.5 76.2 42.0 


“Means not underlined by the same line are sig- 
nificantly different at the 1% level of probability. 


nation of ampullar slices reveals a large number 
of interlocking channels which afford sperma- 
tozoa a large area of contact with the secretory 
epithelium of the ampullae. It appeared that 


: 
during a normal ejaculatory process, sperma- 


tozoa from the cauda epididymis come in con- 
tact with secretions of the ampullae and are 
rendered susceptible to cold shock. The reason 
for the ineffectiveness of seminal plasma to 
render epididymal spermatozoa susceptible to 
cold shock may be twofold: 

1. The factor in the ampullae becomes at- 
tached to spermatozoa and is not avail- 
able in the plasma proper. 

2. The factor either is unstable or is inacti- 
vated by other components of seminal 
plasma. 

G. 

V. R. 

Department of Dairy Husbandry, 
University of Wisconsin, Madison 


* Published with the approval of the Director 
of the Wisconsin Agricultural Experiment Station. 
“Department of Dairy Science, University of 

Arizona, Tucson. 
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TECHNICAL NOTES 


2003 


SOURCE OF IODINE IN SALT AFFECTS PROTEIN-BOUND 
IODINE CONTENT OF BOVINE BLOOD PLASMA! 


During June, 1958, to May, 1959, blood 
plasma samples of approximately 350 dairy 
calves, heifers, and cows in the College herd 
were analyzed for protein-bound iodine (PBI) 
by the Brown method, as modified by Lennon 
and Mixner (2). The PBI values ranged from 
2 to 42 y per 100 ml, with about 15% of the 
samples above 20, and 75% above 10 y per 
100 ml. Asplund et al. (1) of West Virginia 
have reported that levels of PBI from 15 to 30 y 
per 100 ml. were common in their study, and 
values as high as 75 y per 100 ml. were obtained. 
Both of the observations were distinetly higher 
than those found in other laboratories. In a 
search for an explanation of the high values, 
the iodine in the trace-mineralized salt was 
considered worthy of checking. Long et al. (3) 
found no effect when 22 mg. of potassium 
iodide were fed daily, but 44 mg. caused an 
increase in the PBI of dairy cows. Calculated 
intakes of iodine from the 1% of trace-miner- 
alized salt in the concentrated feeds in our 
studies ranged from 2.1 to 5.2 mg. per cow 
daily. In addition, blocks of trace-mineralized 
salt were available to the animals of the herd. 

To explain the high values of iodine in these 
studies, an experiment was designed in which 
the 1% trace-mineralized salt in the concen- 
trate mixture was replaced for 2 wk. with plain 
salt for six heifers averaging 6 mo. of age. 
The results are presented in Table 1. The 
heifers averaged 19.55 PBI y per 100 ml. at the 
beginning of the experiment while trace-miner- 
alized salt was fed; 3.78 y per 100 ml. after 
removal; and 10.87 y per 100 ml. 2 wk. after 
recontinuing the feeding of the same trace- 


mineralized salt. The trace-mineralized salt 
contained cuprous iodide and 3,5-diiodosali- 


eylie acid averaging 0.0074% iodine. 


* Technical Contribution No. 318, South Caro- 
lina Agricultural Experiment Station, Clemson. 


A second experiment was conducted to see if 
trace-mineralized salt containing iodine in the 
form of potassium iodide would give similar 
results. The two salts used in this experiment 
had been marketed by the same company, but 
the potassium iodide-salt was an older salt. 
Six heifers averaging 5 mo. of age had been 
fed a concentrate mixture containing 1% trace- 
mineralized salt (3,5-diiodosalieylie acid) since 
shortly after birth. The PBI averaged 20.25 
y per 100 ml. of plasma. The trace-mineralized 
salt was replaced with plain salt, and seven to 
nine days later the PBI content of the plasma 
averaged 3.35 y per 100 ml. After the nine 
days, three heifers (Group 1) were placed on 
the concentrate containing 1% trace-mineralized 
salt (3,5-diiodosalieylie acid). The PBI con- 
tent averaged 9.97 y per 100 ml. of plasma six 
days later, 12.52 at 12 days, and 16.65 at 16 
days. At the same time, the three other heifers 
(Group 2) were fed trave-mineralized salt (KT). 
The PBI of these heifers’ plasma averaged 3.85 
y per 100 ml. at six days, +96 at 12 days, and 
3.56 at 16 days. The detailed data are pre- 
sented in Table 2. 

From the two experiments presented above, 
it appears that the feeding of trace-ineralized 
salt containing cuprous iodide and 3,5-diiodo- 
salievlie acid can cause an elevation of PBI 
values in blood plasma. Trace-mineralized salt 
with potassium iodide as the source of iodine 
gave results similar to those obtained when all 
iodine supplement was removed. 

Testing the trace-mineralized salt for iodine 
by the moditied Brown method gave negative 
results. Generally, it is considered that com- 
pounds as simple as diiodotyrosine are meas- 
ured by the technique. It is suggested that the 
3,5-diiodosalieylic acid combines with some com- 
pound or ¢»mpounds im the blood to give the 
high PBI values. These combinations disappear 


TABLE 1 
PBI values of heifers’ plasma during periods when trace-mineralized salt and plain salt were fed 
(y¥/100 ml.) 


Trace-mineralized salt fed“ 


February February 


Heifer 19 20 AV. 
H976 15.70 16.22 

H977 17.01 14.18 

H978 $1.3} 19.24 

H9so 32.63 32.63 

H9s1 24.54 21.85 

G724 9.63 9.63 

Av, 20.14 18.96 19.55 


” Feeding began again on March 12. 


Trace-min- 
eralized 


Plain salt fed salt fed*” 


Mareh March Mareh 
6 11 Av. 25 
4.20 3.65 3.93 11.46 
2.84 4.07 3.46 11.10 
4.60 3.31 3.96 12.03 
3.96 3.26 3.58 12.99 
4.08 4.14 tl 5.75 
3.72 3.58 3.65 11.89 
3.90 3.67 3.78 10.87 


race-mineralized salt contained cuprous iodide and 3,5-diiodosalieylie acid. 
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TABLE 2 
PBI values of heifers’ plasma during periods of feeding trace-mineralized sait and plain salt 
(7/100 ml.) 


Trace-mineralized salt fed* Plain salt fed Trace-mineralized salt fed” 

May May May June June June June 

Heifer 22 23 Av. 30 1 Av. 6 11 15 

Group 1 

P H992 22.88 19.91 21.40 3.05 4.30 3.68 11.56 13.54 16.79 
X527 16.11 16.11 16.11 3.05 3.47 3.26 8.32 9.80 14.70 
X528 24.86 24.86 24.86 3.79 3.76 3.78 10,02 14.23 18.46 
Av. 21.28 20.29 20.79 3.30 3.84 3.57 9.97 12.52 16.65 


Group 2 


G732 13.63 14.50 14.07 1.96 2.70 2.33 3.51 4.55 3.29 
H991 20.22 20.22 20.22 3.43 3.99 3.71 4.08 5.79 3.74 
X529 24.88 24.88 24.88 2.81 3.86 3.34 3.96 4.55 3.65 
Av. 19.58 19.87 19.72 2.73 3.52 3.13 3.85 4.96 3.56 
“ Trace-mineralized salt containing cuprous iodide and 3,5-diiodosalicylic acid fed to t 
Groups 1 and 2 until May 23. a 
» Trace-mineralized salt feeding begun again on June 1, p.M. Group 1 received the cuprous ri 
iodide and diiodosalicyelie acid salt, and Group 2 received potassium iodide salt. ¢ 
s 
i from the plasma within seven days, but it takes Values in Ayrshire Cattle at the West Vir- ] 
more than 16 days of feeding to return the Station. t 
> ware J. Dairy Sei., : 728. 1998. j 
PBI to as high levels as they were previously. 
W. A. KING Factors Affecting the Determination of 1 
AND Plasma Protein-Bound Iodine, Using the { 
J. Lex, III Alkaline Fusion-Cerie Sulfate Method. 
J. Dairy Sei., 40: 351. 1957. 
Dairy Department, ‘ lemson College, (3) Lona, J. F., Giumore, L. O., AND Hisss, J. W. a 
Clemson, South Carolina The Effect of Different Levels of Iodide I 
WERENORG Feeding on Serum Inorganic and Protein- t 
BEFERENCES with a ete on the Fre- 0 
(1) AspLuND, R. O., McLaren, G. A., AND quency of Administration Required to ri 
PORTERFIELD, I. D. Magnitude and Varia- Maintain a High Level of Serum Inorganie I 
tions in Plasma Protein—Bound Iodine Todine. J. Dairy Sci., 39: 1323. 1956. ‘ 
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Symposium on Cottage Cheese 


RECENT DEVELOPMENTS IN COTTAGE CHEESE MANUFACTURING 
PROCEDURES 


W. V. Price anp A. M. Swanson 
Department of Dairy and Food Industries, University of Wisconsin 


AND 


D. B. Emmons 
Dairy Technology Research Institute, Department of Agriculture, Ottawa, Canada 


Outstanding work of permanent benefit to 
the cottage cheese industry has been done— 
and we know is still under way—under the 
direction of many of our contemporaries, some 
of whom are present today. It is essential to 
salute their accomplishments which today are 
helping to make the growth of cottage cheese 
the most dramatic ever witnessed in the cheese 
industry. We should thank them all, but 
can name only a few: Elliker, Collins, Babel, 
Lundstedt, Harmon, Doan, Deane, Czulak, and 
their associates for their outstanding work 
on keeping quality and starters and their 
attributes; Ashworth, Coulter, McMeekin, Jen- 
ness, Herreid, and their coworkers for scien- 
tifie knowledge of the proteins and properties 
of milk and dry milk; Reid, Zakariasen, Par- 
melee, Collins, Wilkowski, Hedrick, Tuckey, 
Henson, and their colleagues for information 
on milk composition, nonfat utilization, and 
yields; Lundstedt, Jensen, Stone, Tretsven, 
Phillips, Fouts, Angevine, Schock, Ramsey, 
Hales, and Honer for manufacturing ideas and 
techniques; and health officials in many states 
and in the U. S. Public Health Service for 
guidance in the protection of this perishable 
food product. The contributions of men such 
as these are permanently established in the 
literature and in industrial practices. 

At this time you and your program commit- 
tee expected us to discuss specifically some of 
the recent developments in cottage cheese man- 
ufacture with which our research team at Wis- 
consin has been coneerned. The men on this 
team include A. M. Swanson and our former 
colleague, D. B. Emmons, who is now asso- 
ciated with the Dairy Technology Research In- 
stitute, Research Branch, Canada Department 
of Agriculture, Ottawa. We propose to talk 
about developments in manufacturing con- 
cerned with some of our studies of eutting acid- 
ity, the influence of starters on acidity and 
firmness of coagulum and, finally, to add a 
comment about our interest in the Grade A 


Papers presented at the Cottage Cheese Sym- 
posium, 54tk Annual Meeting of the American 
Dairy Science Association, University of Illinois, 
Urbana. 1959. 


cottage cheese program, a most significant regu- 
latory development. 


MILK FOR COTTAGE CHEESE 


We start this diseussion with the assumption 
that the milk and milk products we are using 
must be of low bacterial count and from 
healthy udders. We recognize that the influ- 
ence of solids-not-fat (SNF) content of the 
milk is highly significant and, under some cir- 
cumstances, that SNF must be increased or 
supplied initially by nonfat dry milk. While 
under certain conditions this permits certain 
economies and efficiencies in manufacture, we 
believe that these modifications can pose un- 
expected problems of biological or chemical 
nature, accidentally or otherwise, some of which 
we propose to discuss. Incidentally, we find 
a common misunderstanding of our federal 
definitions concerning the use of nonfat in mak- 
ing cottage cheese. While the nonfat may be 
of unreproachable quality, the water usea and 
techniques of handling during reconstituting 
sometimes may be questioned. The provision 
requiring that reconstituted or fortified nonfat 
milk or cream dressing must be pasteurized 
before using for cottage cheese seems most 
reasonable. 

CUTTING ACIDITY 


The operation of cutting is vital to the effi- 
ciency of cottage cheese making because it af- 
fects: the percentage of solids recovered in the 
curd; the uniformity of curd particles; the 
composition, yield, and the quality of the cheese. 
If the acidity at cutting is too low, the cheese 
will be tough and rubbery in body and will leak 
whey in the package. If the acidity is too high, 
the curd particles will be broken, and the cheese 
will show gritty, hard particles or pastiness. It 
will be fragile and easily broken in cooking. 
It will be difficult to cream. 

Cutting “by the clock” is usually the least 
desirable method of determining the proper 
time. It is usually accompanied by the com- 
ments: “I can’t wait any longer!” or “I used 
a little extra starter so it would be ready on 
time.’ 
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Cutting by the split of the eurd is not un- 
common, sad to say. It ean be exactly right 
with a no-rennet curd. If rennet action domi- 
nates the eurd formation with low acidity, then 
the split test will produce the defects of low 
acidity mentioned above. 

Cutting by acid development is the most eriti- 
eal method of fixing the time of this important 
step. 

Three tests ean be used in detecting the right 
acidity for cutting. They are: 1) titratable 
acidity of whey, 2) pH of eurd, and 3) the 
Acid Coagulation (A-C) Test. All are excellent 
when properly used—yet all are subject to cer- 
tain limitations. 

The titratable acidity of whey should be made 
on clear whey, free of curd particles. This clear 
whey can be obtained by drawing curd into a 
pipette at a point 3 to 6 in. below the surface 
of the curd. This curd is vented into a Babeock 
eream test bottle and centrifuged for about 3 
min. The clear whey can be poured out of the 
test bottle, leaving the curd behind. 

Clear whey obtained from the top of the vat 
by any method will usually show the chosen 
acidity for cutting after the acidity has already 
exceeded the proper level for cutting in the 
whey centrifuged from the curd. Temperature, 
time of adding rennet, composition of milk, 
and strength of coagulator will all influence 
the separation of whey on top of a vat of 
cottage cheese. Once this whey has separated 
from the eurd, its acid development is greatly 
delayed by the lack of lactie acid—producing 
organisms in it. 

The correct titratable acidity for eutting de- 
pends on such factors as milk composition, the 
previous heat treatment of the milk, and the 
starter used in making. 

The pH of curd when used to determine the 
time of cutting should be made on a sample 
taken from 3 to 6 in. below the surface of the 
vat. 

The pH ean be measured with a glass elee- 
trode or the quinhydrone electrode, provided 
the apparatus is used correctly end is checked 
against a fresh buffer of known scrength. 

The A-C Test (Emmons et al., Wisconsin Ex- 
tension Cireular 541. 1957) offers a simple 
method for determining the time of cutting the 
eurd for greatest efficiency in manufacturing. 
This test is simply a method of detecting when 
milk coagulates by starter action alone. The 
skim, which contains the starter but no rennet 
coagulator, is held at vat temperature. The 
end point of this test is indicated by the first 
appearance of whey in cuts made with a spat- 
ula in the first detectable soft gel. 

It follows, of course, that acid production 
must proceed at the same rate in the test sample 
and the vat, and the rate of acid development 
must be the same throughout the A-C test 
sample. 

Standards for titratable acidity of the clear 
whey and pH measurements of the curd can 
be set by this test if it is applied in the labora- 
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tory to the identical milk and starter to be used 
in making the cheese in the vat. Thus, the test 
can be used directly by the cheesemaker, or it 
ean be used by the laboratory technician whose 
responsibility it is to determine the correct 
cutting acidity and to give the maker specific 
instructions in terms of titration of the whey 
or pH of the curd. 

The application of the A-C test in selecting 
the optimum cutting acidity is shown by the 
data of Tables 1 and 2. 


TABLE 1 
Effect of total solids in skim on the acidity when 
the A-C end point is used to determine 
the time of cutting 


Acidity equivalents to A-C Test at cutting: 
Total solids Titratable acidity 


in milk of whey PH of eurd* 
~(%) 
8.7 0.50 4.59 
9.6 0.55 4.61 
10.5 0.62 4.60 
12.4 0.74 4.56 
14.3 0.86 4.55 


* Determined on curd from which a portion of 
the whey had been removed. 


TABLE 2 
Effects of heating skim on acidity at the cutting 
time of cottage cheese curd 


Acidity equivalents to A-C Test at cutting: 


Titratable 
Heat acidity of 
treatment whey pH of curd” 
(Ve) 

145 for 30 min. 0.50 4.61 
155 for 30 min. 0.49 4.63 
165 for 30 min. 0.47 4.68 
175 for 30 min. 0.33 5.09 
High-heat NDM“ 0.51 4.93 


“ Reconstituted to 11.1% T.S.; other lots 8.5% 
» Determined on curd from which a portion of 
the whey had been removed. 


Table 1 shows the trend of effects of total 
solids in skim on the correct acidity of cutting 
curd for cottage cheese. Titratable acidity re- 
quired for proper working of the curd increases 
as the total solids inereases; the pH of the curd 
at cutting decreases with increasing total solids. 
These cutting acidities were determined by the 
A-C Test and indicate, we believe, the trends 
of changes in any normal operation. 

The pH at which the A-C end point occurs 
decreases as the total solids in the milk is in- 
creased. This effect was studied by adding 
chlorides or phosphates of sodium and calcium, 
or a mixture of simulated milk salts to skim- 
milk to inerease the ionic strength 0.10 at pH 
4.7. These additions all decreased the pH at 
the A-C end point, but in varying degrees de- 
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pending upon the salts used. It appears to us 
that much of the decrease in pH at the A-C 
end point of skimmilks which are reconstituted 
with increasing amounts of total solids may be 
explained by the increased ionie strength of milk 
salts in solution and their effect upon the pH 
range of minimum solubility of casein. 

Table 2 shows the tendency for titratable acid- 
ity in whey to decrease and for pH to increase 
at the A-C end point with increased heat treat- 
ments of the skimmilk. Again, these data are 
to show the trend of the effects rather than to 
serve as standards for any single manufactur- 
ing operation. 

The titratable acidities and pH values cited 
in Tables 1 and 2 inelude variations not com- 
monly found in any single plant’s operation. 
For each treatment illustrated those acidities 
which were apparent at the A-C end point were 
preferred for optimum working qualities of the 
curd. The A-C Test has been particularly useful 
in making cottage cheese from skimmilk forti- 
fied or reconstituted from nonfat with an un- 
known history of previous heat treatments. A 
year ago we reported the successful manufac- 
ture of cottage cheese from skimmilk heated as 
high as 175° F. for 30 min. This was made 
possible largely by knowing how to use the A-C 
test to detect the optimum acidity for cutting 
and by using increased amounts of rennet. 


EFFECTS OF LACTIC CULTURES ON ACIDITY AND 
FIRMNESS OF CURD 


It is a well-known fact that cultures do not 
always show the same firmness of curd. This 
is important when they are used as starters for 
making cottage cheese. A total of 17 commer- 
cial cultures were compared in a series of trials. 
Four of them were obtained from Heinemann 
(1), who has also been interested in this phe- 


nomenon. All cultures were grown in the same. 


lot of nonfat dry milk. Heinemann (2) sug- 
gested that different proteolytic activity caused 
different curd strength of cottage cheese curd 
at any given acidity. 

It seemed possible that other factors also 
might be involved in determining the relation 
between cultures and curd firmness. 

Measurements of titratable acidity, pH, and 
curd strength were made at intervals over a 
rather wide range of acidity and curd strength 
after the initial coagulation of the cottage 
cheese curd, 

The relationship of curd strength to titrat- 
able acidity of whey was not very close (coeffti- 
cient of correlation was .59). Cultures varied 
widely; some showed high curd strength at 
0.55% titratable acid in the whey, while others 
did not even coagulate the skimmilk until the 
titratable acidity had reached or exceeded 
0.55%. 

An interesting fact was the observation that 
increases in acidity (decreases in pH) after 
coagulation gave similar increases in curd 


2007 


strength (r = .97); all cultures were alike in 
this respect. 

Titratable acidity of whey showed some of 
the same relationship: to eurd strength as did 
pH measurements of the curd. Even though 
the titratable acidity of the whey at coagulation 
of the cottage cheese curd varied from 0.38 to 
0.58%, still the increase in acidity after coagu- 
lation was quite closely related to the strength 
of curd developed (r = .83). Cultures, though, 
were important in determining the rate of in- 
crease in curd strength for given increases in 
acidity. 

Despite these similarities, in some respects 
the cultures showed distinctly different rela- 
tionships between the titratable acidity and pH 
measurements made during the formation of 
the cottage cheese coagulum. Differences were 
es associated with the different cultures 
used. 

Different cultures showed different titratable 
acidities at the same pH. At pH 5.1 the titrat- 
able whey acid was 0.66% for Culture G, and 
for Culture P, 0.44%. At a titratable acidity 
of 0.55% in the whey the pH varied from 5.25 
for Culture G to 4.79 for Culture P. 

Cultures which developed a relatively high 
titratable acid at the relatively constant pH at 
the A-C end point produced floating curd. 

Activity of cultures can be measured by the 
Horrall-Elliker test. But starters may have 
good activity while reaching 0.4% titratable 
acid at 100° F., and low activity in the zone 
immediately preceding milk coagulation. For 
example: Cultures with activities of 0.48, 0.45, 
and 0.52% required 7.3, 4.4, and 4.8 hr. at 96' 


TABLE 3 
Titratable acidities of whey at the A-C endpoint 
for different cultures and the tendencies 
of curd to float at the end of the 
heating process 


Range of acidity 
No of No. of of whey at the 
Action cultures trials A-C endpoint 
% 
Sinking 8 19 0.57-0.64 
Floating 5 12 0.67-0.79 


F., respectively, to reach the A-C end point at 
4.75 pH. Previous heat treatment of tne milk, 
or differences in temperature of ineubation be- 
tween the activity test and the cheese vat, could 
account for these differences in starter effec- 
tiveness. 

Explanation of starter effects. Variations in 
titratable acidity of different cultures at the 
same pH can be explained by the probability 
that the higher titration was undoubtedly caused 
by the presence of carbon dioxide, acetic acid, 
or other weak acids in the end-products of the 
fermentation. Carbon dioxide is largely undis- 
sociated at pH 5.0 and below. Thus, the pro- 
duction of this weakly ionized acid by a culture 
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would not lower the pH appreciably, yet would 
contribute significantly to the titratable acidity 
test. The variations make it clear that errors 
possible in using titratable acidity rather than 
the A-C Test to select the proper time of cutting 
can produce defects in curd making directly at- 
tributable to either too high or too low pH. With 
unusually high titratable acid at the normal pH 
of cutting, the faults of floating curd might be 
expected. 

The results of this study may also explain 
those occasional baffling vats of skimmilk for 
cottage cheese that do not coagulate even though 
the titratable acidity is right. Such vats should 
be checked for pH which, at the time of cutting 
normal skimmilk at the A-C end point, will ap- 
proximate 4.7. 

Incidentally, the starters which are usually 
selected for their high aroma when used for 
buttermilk may exhibit abnormally high titrat- 
able acid at the time of coagulation. Such start- 
ers, according to our observations, could actu- 
ally be responsible for floating curd if used 
for cottage cheese making. 


SIGNIFICANCE OF GRADE A COTTAGE CHEESE 


When the State of Indiana recently recom- 
mended the techniques and standards necessary 
for the production of Grade A cottage cheese, 
a chain reaction was started. Thinking con- 
sumers approve such ideals. Comnetitors must 
inevitably match such standards. The influence 
of the regulations of the State of Indiana is 
being felt in ever-widening areas. Regulations 
now developing in such areas indicate the trend 
the cottage cheese industry is taking today with 
the help of the U. S. Public Health Service. The 
1953 Milk Ordinanee and Code recommended 
by the Public Health Service included cottage 
cheese as a milk product, and the applicable re- 
quirements of the Ordinance and Code would 
hold. But there is a provision for states and 
communities to exempt cottage cheese. 

The principles involved in the manufacture 
of Grade A cottage cheese can be applied profit- 
ably wherever the highest quality of product is 
needed. Public health officials recognize herds 
as a source of contamination of milk which, 
though serious, can be controlled by known 
methods of protection and pasteurization. Men 
and women involved in production or handling 
of cottage cheese, like any food handlers, are 
potential sources of contamination to be con- 
trolled. Finally, the weaknesses of the open vats 
and other equipment associated with the manu- 
facture of cottage cheese must be eliminated to 
achieve the utmost in positive control of sani- 
tary production. 

Trends of regulations developing for the con- 
trol of production of Grade A cottage cheese 
follow closely those recommended for the han- 
dling of Grade ‘A milk. Milk will satisfy Grade 


A regulations, as will the construction and main- 
tenance of the plant in which the product is 
manufactured. Space requirements will be dic- 
tated by the paramount consideration of the 
protection of the public health. Water, which 
is such an important factor in cottage cheese 
production, will be pasteurized or chlorinated 
and handled in sound pipes and filters. 

Methods of production in meeting these regu- 
lations present problems which will be solved 
gradually. Minimizing contamination of per- 
sons, some operators believe, will affect not only 
choice of working clothes, but may even require 
the use of face masks. Hand-washing facilities 
convenient to the operations are essential. Hand 
filling of cartons—from the vat or elsewhere— 
will disappear in favor of covered mechanical 
operations to take care of filling and capping. 
Coliform and mold and yeast counts of less than 
ten per gram may be set at lower levels even- 
tually as methods and equipment can be 
improved. 

The significance of such standards in the 
mechanies of producing cottage cheese are ob- 
vious. Under the guiding influence of such 
ideals, there must be developed eventually a 
completely covered system of manufacturing 
and handling curd in vats, conveyors, mixers, 
packagers, and cappers. More adequate re- 
frigeration facilities and techniques will be 
needed to reduce temperatures of the product 
quickly to less than 40° F., and to maintain 
them uniformly. These are some of the charac- 
teristics of the best practices which will prevail 
when production and distribution of Grade A 
cottage cheese becomes an accepted and well- 
established procedure. 

The economic significance of such develop- 
ments is not hard to imagine. Investments in 
improved equipment and labor-saving devices 
will tend to limit the number, and increase the 
size of plants producing Grade A cottage cheese. 
We should expect improvements in quality and 
shelf-life of the cheese manufactured under such 
conditions. The status of an inefficient cheese 
operation can not long remain in doubt if. it 
fails to meet the qualifications of a Grade A 
produet. 

Finally, to the statesmanship of the American 
Cottage Cheese Institute, and to all who are 
directly responsible for the production and dis- 
tribution of cottage cheese, these standards and 
requirements present a challenge today to meet 
the needs of tomorrow. 
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COTTAGE CHEESD CULTURES! 


F. J. Basen 


Dairy Department, Purdue University, Lafayette, Indiana 


The addition to pasteurized skimmilk of a 
bacterial culture capable of producing lactic 
acid from lactose is the first step in the process 
of cottage cheese manufacture. The function 
of this culture is to produce sufficient lactic acid 
to coagulate the casein. Although various coagu- 
lators containing the enzyme rennin frequently 
are used in the manufacture of cottage cheese, 
it is essential that the skimmilk undergo acid 
coagulation rather than rennin coagulation. For 
the successful manufacture of cottage cheese, it 
is also important that the skimmilk undergo acid 
coagulation in a quiescent state; therefore, the 
addition of lactic acid to the milk is not a satis- 
factory substitute for acid production by a bac- 
terial culture. 


BACTERIAL FLORA OF COTTAGE CHEESE CULTURES 


The most common culture employed in cottage 
cheese manufacture consists of a mixture of 
lactic acid—producing and citric acid—ferment- 
ing organisms. The acid-producing organisms 
are either Streptococcus lactis or Streptococcus 
cremoris and the citric acid—fermenting species 
are either Streptococcus citrovorus (Leuconos- 
toc citrovorum) or Streptococcus paracitrovorus 
(Leuconostoc dextranicum). However, cottage 
cheese has been manufactured successfully with 
pure cultures of either S. lactis or S. cremoris. 
Both types of cultures have certain advantages 
and limitations. 

Cottage cheese manufactured with a culture 
containing both lactic acid—producing and citric 
acid-fermenting bacteria generally has more 
flavor, due to biacetyl and volatile acids, than 
cottage cheese manufactured with acid-pro- 
ducing organisms only. This is particularly 
true of cottage cheese manufactured by the 
long-set method and cut at a high acidity. Skim- 
milk set at 70 to 72° F. with a culture capable 
of producing considerable biacetyl will contain 
as much as 2.6 p.p.m. biacetyl at the time of 
cutting (pH 4.7). Much of the biacetyl con- 
tained in the coagulum at the time of cutting 
is removed with the whey, but a eulture pro- 
ducing large amounts of biacetyl yields curd 
with a correspondingly higher biacetyl content 
(2). 

Certain citrie acid-fermenting organisms also 
have an influence on the rate of acid develop- 
ment by the laetie acid bacteria. Such an effect 
is shown by the data presented in Table 1. The 
S. lactis and S. citrovorus cultures used in this 
trial grew well in combination and produced a 
very satisfactory flavor. No lactie acid was 

’ Published with the approval of the Director of 
the Purdue. University Agricultural Experiment 
Station as Journal Series Paper No. 1448. 


formed in milk by the S. citrovorus culture, so 
the increase in acidity by the combined cultures 
is due principally to the stimulation of S. lactis. 
At relatively high acidity, S. citrovorus does 
produce appreciable amounts of acetic and pro- 
pionie acid and some of the titration value late 
in the incubation period may be attributed to 
these acids. However, the stimulating effect on 
S. lactis is evident early in the incubation period 
and at a low titratable acidity. 


TABLE 1 
Rate of acid production in skimmilk inoculated 
with 1% Streptococcus lactis and/or Strepto- 
coccus citrovorus and incubated at 86° F. 


Per cent titratable acidity 
after incubation for: 


Test 
culture (s) Ohr. 2hr. 4hr. 6hr. Shr. 
S. lactis 0.19 0.19 0.23 0.36 0.64 
S. lactis + 
S.citrovorus 0.20 0.21 0.35 0.66 0.82 
S. citrovorus 0.19 0.19 0.19 0.19 


0.19 


Some cottage cheese manufacturers object to 
the use of cultures containing S. citrovorus or 
S. paracitrovorus, on the basis that they pro- 
duce more carbon dioxide than pure cultures 
of S. lactis or S. cremoris. Floating curd and 
spongy curd have been attributed to the ae- 
tivity of these citric acid—fermenting bacteria. 
The large amounts of cottage cheese manu- 
factured with cultures containing both types of 
organisms, without evidence of excessive gas, 
indicate that these cultures generally give satis- 
factory results. Occasionally, a culture is ex- 
amined which contains a much larger percent- 
age of S. cifrovorus or S. paracitrovorus than 
most cultures. However, such a condition is 
unusual and may be related to constant over- 
ripening of the culture. 

Cottage cheese manufacturers who prefer to 
use pure cultures of S. lactis or S. cremoris 
indicate that such cultures are more uniform in 
acid production from day to day, they produce 
very little carbon dioxide, and testing pro- 
cedures for bacteriophage are simplified. The 
bland flavor of the cottage cheese manufactured 
with such cultures is not considered objection- 
able by those who advocate their use. 

Cultures sold commercially may contain or- 
ganisms other than S. lactis, S. cremoris, S. 
citrovorus, or S. paracitrovorus. Streptococcus 
diacetilactis, an organism having the ability to 
produce lactic acid from lactose, and acetyl- 
methylearbinol, biacetyl, volatile acids, and 
carbon dioxide from citrie acid, is the predomi- 
nant organism in some cultures; particularly 
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cultures imported to this country from Europe. 
Cultures containing this organism ean not be 
distinguished from those containing the usual 
types of organisms by organoleptic or micro- 
scopic observations. Chemical analyses for fer- 
mentation products can be used to distinguish 
S. diacetilactis from S. lactis or S. cremoris. 
The amounts of lactic acid, acetylmethylearbinol, 
and biacetyl produced by a culture of S. di- 
acetilactis growing in skimmilk are shown in 
Table 2. 
TABLE 2 
Amounts of laetie acid, acetylmethylearbinol, and 
biacetyl formed in skimmilk by Strepto- 
coccus diacetilactis 


Amount of compound 
produced in skim- 
milk by a 1% 


Compound inoculation 


0.36% produced in 6 hr. 
at 86° F. 

32.2 p.p.m. produced in 
16 hr. at 70° F 

108.4 p.p.m. produced in 
16 hr. at 70° F. when 
0.20% eitrie acid was 
added to the skim- 
milk. 

1.6 p.p.m. produced in 
16 hr. at 70° F. 

14.7 p.p.m. produced in 
16 hr. at 70° F. when 
0.20% citrie acid was 
added to the skim- 
milk. 


Laetie Acid 


Acetylmethylearbinol 


Biacetyl 


The analyses indicate that S. diacetilactis pro- 
duces lactic acid rapidly at 86° F., it forms 
both acetylmethylearbinol and biacetyl in milk, 
and the amounts of carbinol and biacetyl pro- 
duced by the organism ean be increased by the 
addition of citric acid to milk. Sandine et al. 
(3) found that the S. diacetilactis cultures iso- 
lated by them could be divided into two groups: 
(1) Those forming large amounts of both acid 
and gas, and (2) those forming small amounts 
of acid and considerable gas. Both groups were 
considered capable of causing floating curd 
during cottage cheese manufacture. 


FACILITIES FOR CULTURE PROPAGATION 


Within the past few years, a number of 
manufacturing plants have provided more suit- 
able facilities for culture propagation. There 
are several reasons for the construction of such 
facilities. (1) Production in many plants has 
increased due to consolidations or other factors 
and, therefore, the extent of loss incurred with 
a culture failure is proportionately greater. 
Facilities are being provided to guard agains* 
excessive product loss. (2) More personnel who 
have a good knowledge of the problems asso- 
ciated with cultures are being employed by the 
dairy industry. These people know what facili- 
ties are required for satisfactory culture propa- 


gation and are demanding such facilities. 
(3) When a plant constructs new facilities and, 
thereby, eliminates culture problems that were 
quite prevalent previous to such construction, 
surrounding plants try to attain the same result 
with similar facilities. 

Some of the newer culture rooms provide an 
area within the plant that is accessible only from 
the outside, or where there is little chance of 
contamination from manufacturing operations. 
The area is sealed off from the rest of the plant 
and is equipped with a special ventilating 
system. One of the main functions of the venti- 
lating system is to provide a slight pressure 
within the culture rooms so that contaminated 
air will not enter. Air entering the culture area 
is usually brought in from an outside source and 
passed through special filters, or treated in some 
way to prevent possible contamination of cul- 
tures. Special culture facilities have eliminated 
many culture failures when properly con- 
structed and where satisfactory procedures for 
culture propagation are in effect. Areas de- 
signed for propagation of mother cultures, 
and preparation of both intermediate and bulk 
culture, are the most satisfactory. Some areas 
have been constructed properly, but sufficient 
care has not been taken to prevent contamina- 
tion. Cultures which contain bacteriophage, or 
entrance by personnel engaged in cheese manu- 
facture, are the most common sources of con- 
tamination of these areas. 

RECENT ADVANCES IN CULTURE TECHNIQUES 

A common procedure in cheese plants is to 
obtain a culture from a supplier and propagate 
the culture from day to day as a mother culture. 
The mother culture is used to prepare an inter- 
mediate culture, and the intermediate culture 
is used to prepare bulk culture employed in 
cheese manufacture. Therefore, three propaga- 
tions are made before the culture enters the 
cheese vat. The addition of bulk culture to the 
cheese vat, plus the usual incubation, can be con- 
sidered a fourth propagation. Therefore, slight 
contamination within the mother culture may 
lead to excessive contamination in the cheese vat. 

There are lyophilized cultures on the market 
today which contain a_ sufficient number of 
viable organisms to produce about 3 gal. of 
culture in 14 or 16 hr., using ineubation 
temperatures of 70 to 72° F. It is possible, 
therefore, to dispense with propagation of 
mother cultures and use commercial lyophilized 
cultures for preparation of the intermediate 
culture. This procedure has been used by a 
number of plants for several years with con- 
siderable success. The method eliminates one 
propagation of the culture and this is particu- 
larly advantageous in plants experiencing slow 
acid development due to bacteriophage. Another 
advantage of this procedure is that one lactic 
acid—producing strain within the culture does 
not become dominant with repeated transfer. 
Certain commercial cultures contain several 
strains of lactie acid—producing bacteria, with 
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different bacteriophage sensitivities, and a pro- 
portionate amount of each strain is mixed to- 
gether just prior to drying. If the culture is 
propagated for a long time, one strain may 
become dominant and the culture no longer has 
some of the advantages of a multiple-strain 
culture. A single bacteriophage strain can cause 
complete cessation of acid production in a cul- 
ture where one strain becomes dominant, 
whereas this would not be the case if the culture 
had the same original bacterial composition. 
Intermediate culture is being prepared from 
frozen culture in some cheese plants. This pro- 
cedure also eliminates daily culture propaga- 
tion. A rather large batch of culture is prepared 
and frozen in paper milk cartons. After freez- 
ing, the product is tested for activity in the 
laboratory and in actual cheese-making opera- 
tions. If satisfactory results are obtained 
from these tests, the plant may draw from the 
frozen supply for several weeks. The method 
has some of the same advantages as preparation 
of intermediate culture from a lyophilized eul- 
ture. However, the opportunity for contami- 
nation is generally considered to be greater in 
a commercial plant than in a culture laboratory. 
Cultures in manufacturing plants not only 
become contaminated with yeast, mold, and bae- 
teriophage, but they also become contaminated 
with strains of other lactic acid—producing 
streptococci. On several occasions, cheese plants 
having culture failures due to bacteriophage 
have sent samples of their culture to our labo- 
ratory and indicated the original source and 
culture number. Examination of the cultures 
showed that a contaminating strain had become 
dominant and changed the phage sensitivity 
pattern of the culture. The ease with which 
cultures can be contaminated in a cheese plant 
with lactic acid—producing streptococci has been 
revealed by some plants carrying cultures of 
Propionibucterium shermanii, citrovorus, 
etc. Therefore, there are several reasons for not 
propagating cultures for excessively long 
periods of time without renewing them. 
Special media for culture propagation are 
now available to the dairy industry. Nonfat dry 
milk solids can be purchased in sealed packages 
sufficient to prepare about two-thirds of a quart 
of reconstituted milk for propagation of mother 
cultures. The powder is pretested to make 
certain that it supports active growth of lactic 
cultures. Larger quantities of pretested powder 
can be obtained for the preparation of inter- 
mediate or bulk culture. Sterile skimmilk in 
sealed cans also is being offered for mother 
culture propagation. This product simplifies 
culture propagation because it eliminates the 
necessity for heat treatment and subsequent 
cooling of the culture medium. The sterile skim- 
milk is pretested to insure satisfactory culture 
growth. Nonfat dry milk solids with a low 
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calcium content is available in some areas as a 
culture medium. When reconstituted with 
water that is low in calcium, the medium pre- 
vents phage multiplication. However, reconsti- 
tuted milks prepared with some lots of the low- 
celeium powder do not support the growth of 
lactic cultures as well as does regular skim- 
milk (1). 

Special vessels have been introduced for the 
preparation of mother, intermediate, and bulk 
culture. All are designed to prevent the en- 
trance of contaminating microorganisms or 
bacteriophage to the culture medium subsequent 
to heating. After milk is heated, the decrease in 
volume due tc cooling results in air being drawn 
into a culture vessel. The special vessels have 
facilities for filtering the incoming air. In ad- 
dition, the vessels permit inoculation with little 
chance of contamination. 


SUMMARY 


The cottage cheese manufacturers in the 
United States have a wide variety of cultures 
at their disposal. Most of these cultures have 
greater initial activity than those manufactured 
several years ago, and there are greater differ- 
ences in their bacteriophage sensitivity patterns. 

The personnel associated with cottage cheese 
manufacture recognize that the lactic culture is 
the most important single factor contributing 
to a successful operation. Therefore, they are 
attempting, by various means, to maintain the 
activity and purity of their cultures. The fact 
that the same culture, from the same supplier, 
works well in one plant and not in another 
clearly indicates that the basic culture is satis- 
factory but that the extent of contamination 
and quality of milk vary among plants. 

Pretested media for culture propagation 
eliminate one possible source of culture failure. 
The trend toward more frequent renewal otf 
cultures and fewer propagations of a culture 
before being used in manufacturing has con- 
siderable merit. 

Protecting cultures from air contamination 
by providing a culture-manufacturing area and 
the use of specially designed culture vessels 
should contribute much toward a sound culture 
program. 
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FACTORS AFFECTING THE YIELD OF COTTAGE CHEESE 


W. A. Corpes 


Sealtest Foods Division, National Dairy Products Corporation, New York, N.Y. 


The major interest of plant operators in cot- 
tage cheese yields has centered around those 
factors affecting the amount of curd that can 
be recovered from a definite amount of skim- 
milk. Curd yields are important to the industry 
beeause they affect profits, and cottage cheese 
is one of the more profitable dairy products. If 
we may assume a total raw material and process- 
ing cost of 12¢ per pound of dry curd with a 
yield of 15 lb. of curd per 100 lb. of skimmilk 
of 9% solids (1.67 lb. eurd per pound of sol- 
ids), an improvement in that yield of 0.5 to 
15.5 lb. per hundred or 1.72 lb. curd per pound 
of solids would mean a reduction of 0.4¢ per 
pound in the cost of curd. This is a very sig- 
nificant figure, when any possible reduction in 
eosts without sacrifice of quality is important. 
It is believed that an increase in cottage cheese 
eurd yields to the extent indicated above is 
attainable in many operations. 


WHAT IS GOOD CURD YIELD AND HOW SHOULD IT 
BE CALCULATED? 


Several investigators have called attention to 
the fact that it is the protein content of the 
milk, principally the casein, that is the deter- 
mining factor in yield insofar as the composi- 
tion of the milk is concerned. It is true that an 
accurate expression of curd yields should take 
into account the casein content of the skimmilk 
as well as another factor of limiting impor- 
tance; namely, the moisture content of the curd. 
Such accuracy is important if we are to deter- 
mine the efficiency of a plant in terms of its 
available milk supply and its suecess in recov- 
ering a satisfactory proportion of the solids in 
that supply. Such accuracy is also important 
if we are to make meaningful comparisons be- 
tween various plants in terms of the recovery 
of a satisfactory proportion of solids. For 
practical purposes, however, the actual pounds 
of curd secured in the daily operation under 
routine operating conditions, curd of such a 
moisture content that will produce a satisfac- 
tory finished product and one that will comply 
with the legal standard for moisture, is the im- 
portant figure and, when converted to pounds 
of curd per pound of solids, is a practical meas- 
ure of plant efficiency. An important factor in 
determining that efficiency is the closeness of 
control over the moisture content of the curd 
and of the finished product. 

Commonly used methods for the expression 
of yields on a practical basis are (1) pounds 
of curd per 100 lb. of skimmilk, and (2) pounds 
of curd per pound of solids in the skimmilk. It 
is believed there would be common agreement 
that a curd yield of 15.5 lb. per 100 lb. of skim- 


milk of 9% solids, or 1.72 lb. of curd per pound 
of solids, is a good, satisfactory yield with pres- 
ent conventional methods of making cottage 
cheese. Some plants improve this yield by better 
recovery of solids from skimmilk fortified with 
added solids-not-fat in the form of low-heat 
condensed skimmilk or spray process nonfat dry 
milk, and for such operations it is believed that 
a yearly average of 1.80 lb. of curd per pound 
of solids is a workable, attainable plant stand- 
ard, based on the actual pounds of curd taken 
from the vat. Fluctuations below this figure 
in the summer and above it in the cold winter 
months are commonly experienced, probably 
due to variation in the solids content of the 
milk. 

A third basis of expressing curd yield is the 
pounds of card per pound of casein, and since 
casein is by far the mort important cheese- 
making constituent of the solids, it is perhaps 
the most accurate of the indices commonly used. 
Assuming a fortified skimmilk of 11.0% solids 
with a casein content of 3.2%, our standard 
yield of 1.80 lb. of curd per pound of solids 
becomes 6.18 lb. of curd per pound of casein. 
Lundstedt (6) caleulated that the correct factor 
to use in estimating the pounds of curd of 79% 
moisture per 100 Ib. skimmilk of 9.0% solids 
was six times the casein content, when 36.2% 
of the solids is retained in the curd and the 
easein is 28.7% of the skimmilk solids. On this 
basis, the casein content of the skimmilk was 
2.58% which, divided into the yield obtained of 
15.5 lb. of curd, gave the factor of 6. 

The Walker casein test, employing formalin 
to free the acidie protein groups for titration 
against 0.1 N sodium hydroxide, may be used 
to secure quite accurate figures on the casein 
content of the fluid or fortified skimmilk in the 
cheese vat. It should be in common use in cot- 
tage cheese plants and has special value at times 
when vields are running abnormally low or high. 


FACTORS AFFECTING CURD YIELDS 


Curd yields are determined by the interaction 
of a number of factors and the accuracy of the 
final yield figure is dependent upon the accuracy 
with which these various factors are determined. 
The following items must be taken into consid- 
eration : 


1. The composition of the skimmilk with par- 
ticular reference to the total solids and protein 
content. Factors influencing the total solids and 
protein content of whole milk and the skimmilk 
separated from it are (1) breed of the cow, (2) 
stage of lactation, (3) season of the year, and 
(4) diseased conditions of the udder, such as 
mastitis. In general, total solids varies with the 
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fat content and higher curd yields are secured 
from skimmilk separated from high-fat milk, 
as reported by a number of investigators and 
confirmed in plant practice. The high fat, pro- 
tein, and total solids content of Jersey and 
Guernsey milk as compared to Holstein milk 
has been demonstrated by Overman and asso- 
ciates (8), and Turner (10) has prepared a 
table from their data which has been quite wide- 
ly quoted. Jacobsen and Wallis (5), in their 
study of factors that affect the composition of 
milk, found a decrease in total solids content 
during the first 3 mo. of lactation with the 
Jersey, Guernsey, Ayrshire, and Holstein 
breeds. A general trend upward was noted dur- 
ing the middle months and the last 4 mo. 

Seasonal variations in the composition of milk 
have been studied by a number of investigators. 
Honer and Herzer (4), reporting on the compo- 
sition of Mississippi milk, stated that the casein 
content followed and appeared largely respon- 
sible for the over-all fluctuation in the total 
protein content. The highest average for casein 
appeared during November at 2.89% and the 
lowest during February at 2.55%. Declining 
gradually from November through March, the 
average casein trend remained low from March 
through July, then steadily increased to No- 
vember. An extensive two-year study of the 
geographic and seasonal variations in the com- 
position and vitamin content of nonfat dry milk 
solids was reported by O’Malley, Baldi, and 
Gross (7) in 1944. Their results showed that 
the protein content was lowest in February, 
~Marech and April, with the lowest average in 
Mareh (35.98% in the powder), and that it 
was highest in September, October, and No- 
vember, with the highest average in October 
(38.21%). White and Judkins, as reported by 
Jacobsen and Wallis (5), found that regard- 
less of the time of calving, the percentages of 
fat and of solids-not-fat were lower during the 
warm months and higher during the cold months 
of the year. It is readily apparent that when 
the seasonal effects contributing to low solids 
and low protein content are superimposed on 
similar effeets for the period of lactation, ab- 
normally low yields are the result. 

Milk from cows suffering from mastitis is 
noted for its poor cheese-making qualities, be- 
cause of its lowered casein content, increased 
content of whey proteins, higher pH, and other 
abnormalities. Undoubtedly, the inclusion of 
such milk in mixed supplies has reduced curd 
yields in cottage cheese plants and produced 
abnormal conditions of coagulation in the vats. 
Waite and Blackburn (11) recently reported on 
the chemical composition and the cell count of 
milk and stated that when the cell count ap- 
proached 1,000,000 per milliliter, the casein 
content of the milk was decreased; with a 
500,000 cell count, there was decreased produc- 
tion and less solids-not-fat content. A condi- 
tion of subclinical mastitis led to a decreased 
solids-not-fat content. 
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In any event, whether the solids content of 
the skimmilk is low, high, or average, we must 
know what it is, if we are to get an accurate 
expression of curd yields on the preferred basis 
of pounds of curd per pound of solids. Using 
the Mojonnier solids test is the most accurate 
method, but a lactometer may be used with a 
table for converting lactometer readings into 
per cent solids. Supplies of fluid skimmilk 
should be tested at least weekly throughout the 
year by the Mojonnier method, to obtain the 
trend of the solids content and permit greater 
aceuracy in charging solids to the cheese-mak- 
ing operation. 


FORTIFICATION WITH ADDED SOLIDS 


The addition of low-heat condensed skimmilk 
or Extra-grade spray process nonfat dry milk 
to fluid skimmilk has been demonstrated to im- 
prove the recovery of milk solids in the cottage 
cheese curd. Bender and Tuckey (1), studying 
the recovery of skimmilk solids in cottage cheese 
curd, reported that 38.8% of the solids was re- 
covered from skimmilk of 9.71% solids content 
as compared to 32.2% reec.ery for skimmilk 
of 8.92% solids. Theoretically, :t should be 
possible to secure increasing yields with solids 
levels in the milk up to 15.0% or povsibly higher, 
but handling very large amounts ef curd under 
commercial conditions in conventional cheese 
vats becomes a difficult problem and the tend- 
ency has been to secure maximum yields per 
pound of solids at somewhat lower levels. It is 
believed that not much is gained, and some loss 
may be experienced, by fortifying skimmilk to 
more than 11.0% solids. 

2. Accuracy of determination of volume or 
weight of skimmilk. In skimmilk reconstituted 
100% from powder, the problem is simplified 
by the use of weighed bags. Weigh tanks, or 
storage tanks equipped with volumetric gauges, 
may be used for fluid skimmilk. In their ab- 
sence, cheese vats may be calibrated by the use 
of milk or water meters with a marked stainless 
steel gauge in a fixed position in the vat, using 
water at the setting temperature. Repetitive 
filling of the vat with fixed, measured volumes 
of water is a laborious but sometimes necessary 
procedure. Hydraulic load cells mounted under 
the storage tank or under the cheese vat are 
under study at the present time and if found 
practical and accurate will be one answer to 
the problem of getting an accurate figure on 
the weight of skimmilk made into cheese. 

3. Accuracy of weight of curd or finished, 
creamed cheese. Obviously, the most accurate 
figure on the weight of the curd is obtained by 
weighing it before creaming. This may be done 
in operations involving the use of mechanical 
mixers and, with careful control of the weight 
or volume of cream used, provides efficient com- 
position control. 'n some small operations the 
eurd is weighed into curd cans containing 
weighed or measured volumes of the creaming 
mixture. Here again, hydraulic load cells in- 
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stalled under the cheese vat would be the ideal 
means of obtaining the weight of the curd and 
would be useful in operations where creaming 
is done in the vat. In such operations now, an 
estimate is made of the weight of curd in the vat 
based on previous experience, and the creaming 
mixture added accordingly. To obtain a final 
yield figure, the amount of curd must be esti- 
mated from the final weight of the creamed, 
packaged cottage cheese, deducting the weight 
of the cream and the salt. This method involves 
a number of possible errors in the finished pack- 
age count, over-weight in the cups, spillage, and 
loss in the packaging operation. An overweight 
of 0.4 oz. in 12-0z. eups reduces the estimated 
eurd yield by 0.05 lb. per pound of solids. 

4. Moisture content of the curd. The finished, 
packaged product, creamed or dry, must comply 
with the standard of not to exceed 80.0% mois- 
ture, which is the federal standard for inter- 
state commerce and is commonly accepted to 
apply to intrastate business, as well. An effi- 
cient plant aims for control at the 79.0-80.0% 
level and sacrifices yield if the moisture falls 
below 79.0% (solids above 21.0%). 

5. Processing procedures as they affect loss 
of curd. A number of details in the processing 
procedures may affect the recovery of solids in 
the curd or losses in the whey and wash waters. 

(a) Pasteurizing temperature holding 
time for fluid skimmilk. Probably most of the 
skimmilk manufactured into cottage cheese to- 
day is pasteurized by the high-temperature, 
short-time (HTST) method, and the usual com- 
mercial practice is to observe a minimum ex- 
posure of 162-163° F. for 16 see., just above 
the diversion temperature of 161° F. High tem- 
peratures and long holding times may result in 
slow coagulation and a fragile curd. 

Experimental work is being done with higher 
temperatures, thereby denaturing the whey pro- 
teins and including them with the casein during 
coagulation. Roberts (9) and associates report- 
ed that their best curd yields resulted when they 
standardized fresh skimmilk to 10-11% solids 
with low heat powder, pasteurized at 157° F. 
for 30 min., and added 0.068% calcium chloride 
before setting. Yields obtained were above 2.0 
lb. of curd at 79% moisture per pound of solids. 
The use of quantities of calcium chloride greatly 
exceeding the legal maximum of 0.02% of the 
weight of the skimmilk seems to be an impor- 
tant part of the process. In view of the wide 
commercial application of HTST  pasteuriza- 
tion, it is hoped that similar experimental work 
will be done with this method. 

(b) Solids-not-fat level in skimmilk. Forti- 
fication of fresh skimmilk to 11.0% solids, or 
reconstituting powder to that level, has been 
found to increase curd yields and to give better 
yields than do higher solids levels. Occasional 
reports in the literature seem to confirm this 
conclusion. 

(ce) Acidity at cutting time and proper rela- 
tion of rennet and acid in coagulation. Just 


enough rennet should be used to give the de- 
sired firmness of curd at the time the acidity 
has developed to the proper point for cutting. 
There are still differences of opinion as to the 
merits of determining optiniam cutting points 
with pH or the acidity test. [f acidity is used, 
rennet type of cheese made from 11% solids 
skimmilk should be cut at a whey acidity of 
about 0.56%. Most cheese makers using a pH 
meter will cut such curd at about 4.7. Small- 
curd cheese, cut with a 44-in. knife, is commonly 
set with less rennet and cut at acidities of 0.02- 
0.04% higher than when the large-curd cheese is 
made, 

(d) The starter used. While no definite and 
consistent differences have been noted between 
starters in different commercial laboratories, oc- 
casionally some starters give better yields of 
eurd than others. Collins (2), in working with 
single-strain cultures of S. cremoris or S. lactis 
(no Leuconostoe species included), reported 
that these cultures yielded an average of 1.3% 
more cottage cheese than the mixed-strain cul- 
tures containing the flavor organism. This in- 
crease amounts to approximately 0.02 lb. addi- 
tional curd per pound of solids. Preliminary 
work which we have done in a commercie' plant 
gives a general confirmation of this tendency 
toward higher yields with cultures containing 
only the acid-producing organism. 

(e) Care in cutting. Two men should be used 
in the cutting operation, one for each knife. A 
better job of cutting is done and excess shatter- 
ing of curd ean be avoided. 

(f) Stirring curd and cooking. It is necessary 
that the initial stirring be done very carefully 
to avoid breaking the curd. Too many operators 
use vigorous stirring and cook too rapidly. It 
is better to withhold mechanical agitators until 
a temperature of 100° F. is reached in cooking. 

(g) Care in washing. Operators sometimes 
become careless in washing the curd and break 
it in the process. There is some loss of curd in 
each wash-water and three rinses should be suf- 
ficient to wash the curd well and bring the tem- 
perature down to 40 to 43° F. 

6. Type of cheese made—large-curd or small- 
curd. Some variation, of necessity, exists be- 
tween companies and between cheesemakers with 
reference to the size of curd preferred and the 
size of knives needed. Commonly, a %%-in. knife 
is used for large-curd and a 14-in. knife for 
small-eurd cheese. Two plants making both 
types of curd, for which yield figures were ob- 
tainable, showed averages of 0.08 and 0.12 Ib. 
eurd per pound of solids more for large-curd 
cheese. A report on cheese yields in a Michigan 
plant recorded an average of 1.79 lb. of fine- 
eurd cottage cheese per pound of powder, as 
compared to an average yield of 2.15 lb. for 
large-curd cheese. 

In some instances, small-curd cheese is made 
without rennet. Bender and Tuckey (1) studied 
yields of cottage cheese curd secured with ren- 
net coagulation, as compared to acid coagula- 
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tion, and reported that there was no difference 
in recovery of solids in the cheese between the 
two methods when proper manufacturing prac- 
tices were followed. While not specifically 
stated, it appears that the same size of knife, 
namely 5-in., was used for cutting both types 
of curd. 

7. Fat content of creaming mixture. This fac- 
tor exerts its effect on the yield of finished 
creamed cheese obtained from a definite amount 
of curd. Regardless of the test of the creaming 
mixture, the finished product must contain not 
less than 4.0% fat, and if a mixture of a low- 
fat content is used, more of it is required to 
obtain the desired amount of fat. Such low-fat 
creaming mixtures have higher moisture con- 
tents and, therefore, the curd must be of lower 
moisture content than when high-fat creaming 
mixtures are used. The low-fat creaming mix- 
ture increases the amount of finished cheese ob- 
tained from the curd and decreases slightly the 
cost of materials per pound of cheese. 
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KEEPING QUALITY OF COTTAGE CHEESE 


N. C, ANGEVINE 
Meyer-Blanke Company, St. Louis, Missouri 


The great increase in cottage cheese con- 
sumption can be maintained by more uniform 
quality and extension of shelf-iife. Some manu- 
facturers do not realize that although cottage 
cheese is an excellent food for people, it is a 
very perishable product and also provides an 


excellent medium for the growth of many 
microorganisms. Only fresh, good quality 


skimmilk should be used and all steps in the 
manufacturing process must be scientifieally 
controlled. Cottage cheese must be packaged 
in a room free from contamination by air- 
borne organisms. The cultures must be pure 
and they must be handled properly. Temper- 
atures must be controlled throughout processing 
and storing, as well as through all channels to 
the final consumer. The water supply must be 
free from spoilage organisms. 


CHANCES IN PROCESSING AND PRESENT BLAND 
FLAVOR OF COTTAGE CHEESE 


It is the bland, mild acid, and clean flavored 
cottage cheese that has increased consumption 


in western and midwestern states. This type of 
cheese has resulted from carefully controlled 
methods, use of coagulating agents to cut the 
eurd and cook at lower acidities (higher pH), 
and the trend towards making small curd, 
which makes it easier to remove the whey and 
to obtain mild-flavored cottage cheese. Some 
years ago, consumers of cottage cheese and 
other dairy products expected strong flavors. 
Cottage cheese was frequently sour, high acid 
and, at times, had fermented and yeasty flavors. 

Research, improved equipment, modern con- 
trolled methods, good refrigeration, and better 
handling made it possible to produce fairly 
uniform and mild-flavored cottage cheese. The 
consumer quickly notices any feed, absorbed, 
chemically produced, or bacterial off flavors, 
and consumption decreases immediately if these 
defects are net corrected. One must also con- 
sider that the time between actual processing 
and the time cheese reaches the consumer has 
increased and that there is very little hope that 
this condition can be changed in the future. 
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We must be prepared to produce a dry or 
creamed cottage cheese that will retain a fresh, 
clean, mild acid flavor for 7 to 14 days. The 
following factors will be discussed in some 
detail. 
1. Present methods and practices of cooking 
cottage cheese curd. 
2. Suitable processing and packaging area 
or rooms for cottage cheese manufacturing. 
3. Water supply, pH control, and chlorina- 
tion. 
Preparing and handling of cream dressing. 
Temperature control throughout process- 
ing, storage, and delivery. 
Laboratory control measures. 
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PRESENT METHODS AND PRACTICES OF COOKING 
COTTAGE CHEESE CURD 

In the days of flake or cube cottage cheese 
manufacture, where coagulating agents and 
raw skim were used, operators tried to avoid 
firm curd. It was the usual practice to finish 
cooking at 106 to 114° F., with very little or 
no holding in the whey. Recently, the majority 
of manufacturers cool the curd in water at 
38 to 45° F. The use of lower cooking temper- 
atures left large numbers of starter organisms 
in the curd which was put into the refrigerator 
at 60 to 75° F. There was no psychrophilie, 
slimy, gelatinous type of spoilage that is so com- 
mon today, as these organisms were inhibited 
by the lactic acid—producing organisms. The 
common spoilage then was caused by yeasts, 
molds, and coliform bacteria. 

Pasteurization of skim for cheese became 
compulsory and required higher cooking tem- 
peratures. With better equipment and sanitary 
practices, and cooling the curd in the vat, more 
attention was given to air contamination, sep- 
refrigeration, and 


arate processing rooms, 
treatment of water supplies. These changes 


have affected the microbiological flora of fin- 
ished cottage cheese curd and creamed cottage 
cheese, so that we now have more spoilage 
of the gelatinous, slimy, putrid, fruity, and 
fermented types. 

The data in Tables 2 and 3 express the im- 
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TABLE 1 
Ability of organisms that spoil cottage cheese to 
grow at 120° F. in skimmilk and their inability 
to grow in whey at pH 4.55 (1) 


Growthin Growth 


Microorganisms skimmilk in whey 


1. Achromobacter butyri 
Achromobacter eurydice 
Alealigenes metalcaligenes 
. Escherichia coli 
Escherichia freundii 
Micrococcus candidus 

7. Micrococcus conglomeratus 
8. Micrococcus flavus 

9. Pseudomonas desmolyticum 
10. Pseudomonas fluorescens 
11. Pseudomonas fragi 

12. Pseudomonas tralucida 
13. Rhotorula flava 

14. Torula candida 

15. Geotrichum candidum 

16. Mucor plumbeus 

17. Penicillium frequentans 


2 


l+++++4 
| 
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+—growth; ——no growth; *—growth in two 
of three trials. 
Numbers 1 to 12 are bacteria, 13 to 14 yeast, 


and 15 to 17 molds. 


portance of pure water supplies, sanitation, 
prevention of contamination, and low temper- 
atures after the whey is removed and the curd 
is processed and finally packaged. Most micro- 
organisms (Table 1) are easily killed at legal 
pasteurization temperatures. Although most of 
these organisms, even the Pseudomonas group 
which are classed as psychrophiles survived 120° 
F. for 15 min. in skim at pH 6.7, only one of 
17 of these cottage cheese spoilage organisms 
survived the same heat treatment in whey at pH 
4.55. The mold, Geotrichum candidum, which 
survived two out of three trials, might possibly 
be expected to survive, as molds are more acid- 
tolerant. 

Because most cottage cheese manufacturers 
cook the curd to 120° F. or higher, and hold 
it in the whey at a pH of 4.55 to 4.68 for 15 
min. or longer, we must assume that the curd 
at the time of draining the whey is relatively 
low in microorganisms. The curd must not be 


TABLE 2 


Bacteria counts from samples of pasteurized milk exposed in processing areas 


Standard plate Psychrophilie 


Samples exposed Coliform count count 
(No. per -——- 

In cheese refrigerator Less than 1 + 25 
On cheese filling machine Less than 1 11 100 T 
Starter processor Less than 1 15 + mold TNTC* 
On cheese dressing vat Less than 1 6 TNTC 
In empty cheese vat No. 2 Less than 1 3 TNTC 
Cream dressing 1 13 T 110 T 
City water, pH 9.3 Less than 1 200 2.3 M 


' Too numerous to count with the dilutions made. 
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TABLE 3 
Bacteriological analyses made on water supplies 


Standard plate count 


Dairy 5 days at 
location At 32°C. ©. pH Remarks 
(No. per ml.)— 
Tllinois 4M* 120M 7.5 Water from well which was 
being chlorinated 
Arkansas 14M 11T TH First sample 
Arkansas 380T” 300 7.8 Same plant 2 wk. later 
Texas 18M 14M 8.1 Plant had trouble with 
psyehrophilic spoilage 
Connecticut 28T 100 am 
Iowa 50T 47T 9.1 
Nebraska 390T 200 8.0 
Texas 70 20 8.3 
Kentucky 5T 63T 8.0 
Texas 84T 880 9.6 
Alabama TNTC 39T 8.1 
St. Louis, Mo. 200 TNTC 9.3 
Oklahoma 14 39T 10.1 
Michigan 15M 220T rs sefore treatment 
Michigan 2 Less than 10 Se After treatment 
St. Louis, Mo. 100 9.5 Before treatment 
St. Louis, Mo. 1 Less than 10 6.1 After treatment 
Ohio 78T 150M 8.0 Before treatment 
Ohio Less than 1 210 6.4 After treatment 


Note: Sterile nonfat milk was added to water samples before plate counts were made 


and held at 72° C, 
* Millions. 
Thousands. 


“Too numerous to count for the dilution used. 


contaminated from this point by water, air, 
cream dressing, unclean utensils, and general 
unsanitary practices. 

PACKAGING ROOMS 


SANITARY PROCESSING AND 


Air contains bacteria and it is important 
that the processing and packaging rooms be 
construeted of hard-finish, smooth, washable 
walls, have well-drained, smooth floors, and 
ceilings that are smooth and free of fixtures 
and pipes, especially above vats and packaging 
equipment. Openings or doors should be held 
to a minimum, filtered air under pressure 
should enter processing and packaging rooms, 
and filters should be removed when they become 
contaminated. Filtered and refrigerated air 
should be provided for packaging. 

The data in Table 2 were obtained in a Mid- 
western plant which produced uniform cottage 
cheese of good flavor consistently, using modern, 
controlled methods. The operator con- 
sistently tried to get a shelf-life of from five to 
seven days; whereas, a shelf-life of from seven 
to 14 days at 40 to 45° F. should be achiev- 
able. The manufacturing and packaging areas 
were undesirable. During a three- to five-day 
period, %4 in. of pasteurized skimmilk was 
placed in sterile Petri dishes and exposed 
around the processing area for 20 min. The 
SPC was made and plates were incubated 48 
hr. at 32° C. Samples were held at 45° F. for 
six days and a second SPC made at 32° C., to 


observe for any (Moseley Method) psychro- 
philie growth. 

This is a case of a very poor processing area 
which contributed to a shortened shelf-life of 
well-made cottage cheese. This factor must be 
considered by all cheese manufacturers. 


CONTROL OF PH AND CHLORINATION OF 
WATER SUPPLY 


A great deal of research has been done since 
the work by Parker et al. (3) was reported. 
There should be no question that the water sup- 
ply is a most important factor in keeping qual- 
ity. It has been well established that water is a 
source of organisms of the psychrophilie group 
and they have been isolated from cottage cheese 
which has spoiled on the shelf. 

Hundreds of samples of water from cottage 
cheese plants all over the United States have 
been gathered by this writer and sent to the 
Moseley Laboratory in Indianapolis for bae- 
teriological analyses. The analyses of water 
supplies from plants for 1954 to 1958 are 
shown in Table 3. It is evident that the original 
SPC was rather high in many cases and this was 
due to length of time in transit, as the samples 
were not refrigerated. 

It is clearly shown in Table 3 that water can 
be the cause of poor keeping quality, especially 
for the psychrophilic type of spoilage. The pH 
of water was found to vary from 7.0 to 10.2 in 
pl-> where these samples were obtained. 
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Cottage cheese wash-water at pH 8.5 to 10.0 
sometimes causes slick or slimy appearance 
due to the formation of sodium caseinate. The 
higher pH range also favors the growth of 
many psychrophilic organisms. For this rea- 
son, all water should be filtered, then phosphoric 
or citrie acid added to lower pH to 5.5 to 6.0, 
then 5 to 8 p.p.m. chlorine added and held 60 
sec. or more before cooling the curd in the vat. 
Water treated in this way will be nearly sterile. 
It is important to acidify first, as chlorine is 
more effective at lower pH values. 


TEMPERATURE CONTROL THROUGHOUT PROCESSING, 
PACKAGING, STORING, AND DELIVERING 
OF COTTAGE CHEESE 

It is of great importance to control tempera- 
tures throughout processing, packaging, stor- 
ing, and delivering of cottage cheese. The curd 
temperature in the last wash water should be 
40° F., the cream dressing 40° F. or below, and 
the temperature during creaming and packag- 
ing should not increase more than 5° F. Stor- 
age temperatures should be below 40° F. 

During 1955 through 1958, many lots of 
cheese were made in the Meyer-Blanke Labora- 
tory and observed for keeping quality, studying 
temperature of storage, preparation of dress- 
ing, dressing pH, water with or without acidi- 
fication, chlorination, cooking temperatures, 
ete. All curd was made by short method and 
it was washed three times at 40 to 45° F., 
creamed after draining 45 min., then placed in 
chlorinated plastic packages. Split samples 
were stored at 47 and 38° F. The lots, good or 
poor, some purposely contaminated, kept twice 
as long at 38 as at 47° F. Low temperatures 
contributed to good keeping-quality. 

A shelf-life for cottage cheese at 38° F., 
from seven to 83 days, was obtained and many 
lots kept for 24 to 63 days. Samples with a 
shelf-life of 30 days or more had low bacterial 
counts at both the second and seventh day after 
being made and packaged, except one lot, where 
starter was added to dressing, and another 
where 0.04% by volume sorbic acid was added. 
All samples with over 17 days of shelf-life 
were free of coliforms, yeasts, and molds. 


PREPARING AND HANDLING CREAM DRESSING 


We believe from many years of research and 
practical work with manufacturers that the 
quality and special processing and handling of 
dressing is probably the most important single 
factor that affects shelf-life. Many cases of 
cottage cheese spoilage are due entirely to the 
poor quality of cream dressing. 

The butterfat content of cottage cheese dress- 
ing will vary a great deal according to method 
of manufacture, size of curd, method of cream- 
ing and mixing (hand or mechanical), firmness 
of curd, air drying, ete. It will usually vary 
from 11 to 17% fat, and in many eases 1 to 
2% extra nonfat solids added with salt to give a 
salt content of 0.90 to 1.10% in the final prod- 


uct. Some add a small amount, 1 to 2%, of 
culture to dressing before heating, in an_at- 
tempt to reduce pH, as the pH of cream will 
be 6.6 to 6.7. A ratio of 1 lb. of 12% dressing 
(pH 6.7) to 2 lb. eurd (pH 4.68) will make a 
pH of 5.1 to 5.2 in the final creamed cheese. 
We have used a blend of milk solids, powdered 
organic acids, and stabilizer to reduce the cream 
dressing pH from 6.6 to 6.0, and after heating 
to 165° F. and holding 30 or 45 min. and cool- 
ing with or without homogenization, this 
dressing had a very low bacterial count. We 
believe that a pH of 4.95 to 5.05 on final 
creamed cottage cheese, other factors being con- 
trolled, does improve the keeping quality. 

The addition of the proper amount of starter 
distillate can improve. the flavor of cottage 
cheese. We have recommended 1 to 5% of a 
good lactic culture in the chilled dressing just 
before adding it to the curd, and many oper- 
ators still use this method. It adds flavor and 
helps to retard the growth of psychrophilic 
organisms and the gelatinous type of spoilage, 
but is detrimental to quality if temperatures 
are not kept low, as millions of organisms are 
added to the cheese. 

Sorbie acid in cheese dressing amounting to 
levels of 0.03 to 0.05% in final creamed cottage 
cheese has been investigated by several workers. 
It is primarily used to retard yeasts and molds, 
but also has been found effective against other 
spoilage organisms. The use of sorbic acid is 
not legal and possibly it should be considered 
in the future, not to mask poor quality but to 
further extend the shelf-life of good quality 
creamed cottage cheese. 

The many thousands of bacterial count; made 
by the Moseley Laboratory for their regular 
commercial customers, who sent samples of 
cottage cheese, dry or creamed, cheese dressing, 
and cream of varying fat contents during the 
past 5 yr., do not show that all low-count 
cheese has a good shelf-life and that all high- 
count cheese has poor keeping-quality. The type 
of predominating organism is the important 
factor. 

The second SPC (standard plate count 48 
hr. at 32° C.) after five days of storage at 
45° does have a relationship to shelf-life. Mose- 
ley (2) reports that high initial counts for 
fresh cottage cheese are usually due to high 
thermodurie¢ counts in the skimmilk, addition of 
starter to dressing, or low cooking temperatures. 


LABORATORY CONTROL MEASURES 


The data presented indicate the need for good 
laboratory controls as an important factor in 
maintaining a long shelf-life for cottage cheese. 
Bacteriological tests can be used to assure 
quality milk supply for cottage cheese, check 
and control contamination, help to ascertain the 
suitability of wash water, and make three- to 
five-day holding tests at 72 and 45° F. The 
longer five-day holding of samples at 45 to 
50° F. is preferred to the shorter time at 72° F. 
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Production and consumption of cottage cheese 
have increased more than those of any other 
dairy product in recent years and, to maintain 
this trend, it is necessary to maintain uniform- 
ity of quality and greater keeping quality. 

The improvements of equipment, better scien- 
tifie knowledge of controlled processing, and 
improved sanitation have resulted in a mild- 
acid, clean-flavored cottage cheese that the con- 
sumer demands. This is true of other dairy 
products and the consumer is quick to notice 
any off-flavor; therefore, we must maintain 
greater uniformity of a quality for a longer 
period. 

Improved shelf-life must begin with a good 
raw product, then be followed step by step 
through proper pasteurization, culture control, 
careful processing, good sanitary practices, 
treatment of water supplies, and control of 
temperatures. 

Many cottage cheese spoilage microorganisms, 
in fact, most of them, do not survive cooking 
temperatures of 120° F. in the whey for 15 
min, at pH 4.54.7. 

We must assume that postcooking contami- 
nation is a real problem, and that the water 
should be controlled to a uniform pH and 
made as sterile as possible, dressing carefully, 
processing with pH control, and that creaming, 


packaging, temperatures, storage, and delivery 
must be closely controlled to avoid contamina- 
tion. 

Data on bacterial counts of creamed cottage 
cheese do not give a definite correlation with 
low counts, but a great deal can be learned by 
control of procurement, processing, and han- 
dling to obtain better keeping quality. 

The possibility of future use of sorbic acid 
in dressing may be useful in extending shelf- 
life. The proper care and use of a good culture 
in dressing may help to retard psychrophilic 
spoilage, but it must be kept at a low tempera- 
ture. 

Cottage cheese making is not simple. It is 
very complex and needs to be understood, with 
careful control to maintain quality and a satis- 
factory shelf-life of 14 days at 40 to 45° F. 
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The Journal Management Committee for 
1958-59 was most fortunate in succeeding to 
the fine work by W. M. Roberts and his com- 
mittee. 

We began the new year with the editing and 
publishing problems well stabilized and with a 
new plan for abstracts. The elimination of the 
abstract section from the JouRNAL and the for- 
mulation of the membership subscription plan 
for Dairy Science Abstracts was accomplished 
with the help of H. F. Judkins, our energetic 
Secretary. It was not necessary for the Asso- 
ciation to subsidize this new plan, because suffi- 
cient members subseribed for this new abstract 
service. 

During the fall of 1958, considerable study 
was given to the printing and mailing date of 
the JournaAL. This resulted in a plan to strive 
for a mid-month mailing date. This would in- 
sure receipt of the JourRNAL within the month 
that it was printed. This goal has been attained. 

Book reviews, which were formerly carried 
in the abstract section of the JouRNAL, are being 


continued in a special section under a separate 
title, as of January, 1959. 

The People and Events section of the JouRNAL 
had been organized, monthly, by R. J. Dan- 
deneau, who was supervisor of our publication 
at the Garrard Press. He resigned in August, 
1958, to accept a professorship at Southern 
Illinois University. Arrangements were ap- 
proved by our committee to have Mr. Dandeneau 
continue this work,on the same basis as when 
he was employed by the Garrard Press. 

With the termination of the abstract section 
of the JourNAL, which had been handled by 
W. O. Nelson, it appeared feasible to make new 
arrangements for the annual index which had 
been prepared under his direction. The Editor- 
in-Chief’s office will assume the duties of in- 
dexing and this change was approved by the 
committee. 

The work of the Editorial Board and that of 
the Editor-in-Chief was reviewed and the com- 
mittee commended them for the quality of their 
work, 


JOINT MEETING OF THE JOURNAL MANAGEMENT COMMITTEE 
AND EDITORIAL BOARD AT THE ANNUAL MEETING 


D. H. Jacopsen, Chairman 


The Journal Management Committee met in 
joint session with the Editorial Board on June 
16, 1959. The agenda for discussion had been 
presented to all members of these groups by 
letter on May 25, and the lively discussion in 
the meeting indicated that each member had 
given some thought to the problems outlined. 

Ideas for review papers were solicited and 
the members provided enough working ideas 
to insure the continuous production of this 
feature in the JourNaL. Additional areas for 
review papers were suggested and the members 
of the group were requested to suggest authors 
who could be invited to prepare the reviews. 

The question was raised, Should we accept 
technical notes of research where negative re- 
sults were obtained? The discussion which fol- 
lowed resulted in agreement that such contribu- 


tions should be judged on the basis of the scien- 
tifie value of the report. The project design 
and methods developed might well be worthy 
of publication as a scientific contribution. 

Further discussion on the establishment of a 
criterion of quality on papers for the Our 
Industry Today section indicated general ap- 
proval of the material now being published. It 
was the general conclusion that we should rely 
on the editor’s judgment rather than to at- 
tempt any kind of fixed standard, and that 
major decisions such as comprehensive reports 
of sectional meetings be referred to the Journal 
Management Committee. 

The time between submittal of papers and 
final approval for publication has been ex- 
tended in some cases by long delays in the 
channels of review. Suggestions of fixed dead- 
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lines for reviewers were discussed. It was 
quite apparent, however, that this method would 
not be very popular with our unpaid Editorial 
Board Members. They called attention to the 
rather complex nature of the editorial job for 
some papers which required study and revision. 
It would appear that such problems can be 
solved only by careful selection of the indi- 
viduals on the Editorial Board and with assur- 
ance that they are interested in serving as re- 
viewers. Secondary referrals of papers to 
specialists is a practice in some fields of re- 
search. The only way to overcome this situation 
would be through the enlargement of the Edi- 
torial Board, which would not be feasible at 
this time 

The question of, How much editing should 
be expected on papers? was raised by members 
of the Editorial Board. Some manuscripts are 
so poorly written that extensive rewriting is 
obviously necessary. It was agreed that such 
manuscripts should be returned to the authors 
for correction and with the suggestion that edi- 


torial review within the college or university 
department become a regular practice. Since 
the majority of manuscripts are of fair quality, 
and the poorly written manuscripts come from 
relatively few institutions, it is suggested that 
more attention be given to this problem by those 
who have been involved with such papers. 

Improvement in quality of papers should 
be a continuous objective of the Association. 
This improvement can be achieved if depart- 
ment heads will set and vigorously maintain 
high standards of scientifie performance in their 
research activities. 

The limitation on length of papers has caused 
some authors to present a research report in a 
series of short papers. While no action was 
taken on this problem, it was the general opin- 
ion of the joint meeting that the justification 
for a longer paper, rather than a series, should 
be passed on by the Editor-in-Chief and the 
Editorial Board, based on the merits of the 
paper in question. 


THE EDITOR-IN-CHIEF’S REPORT FOR THE 1959 ANNUAL MEETING 


E. O. Herrerp 
Department of Food Technology, University of Illinois, Urbana 


During 1958, 271 papers were published in 
the five sections of the JourNAL or Dairy Sct- 
ENCE. Six reviews were published and, judging 
by orders and requests for reprints, they were 
received with muck interest by the membership 
and by investigators in related fields. Reviews 
on subjects of timely interest are being written 
for the JourNAL by avthorities in their respec- 
tive fields. Table 1 contains a detailed summary 
of all papers published in the JourNau for 
1958. The general summary is as follows: 


No. of papers 


Manufactures . ...... 105 
Production-Manufactures . . . 20 


The JourNAL is growing. Volume 41 of the 
JouRNAL for 1958 contained 1,844 pages, as 
compared to 1,666 pages in Volume 40 for 
1957. Volume 42 for 1959, including the May 
issue, contained 944 pages as compared to 751 
pages for the same period in 1958. 

A study was made of the number of papers 
published in the JourNAL during its lifetime. 
From 1917 to 1946, the number of papers in 
Manufactures exceeded those in Production, 
but from 1947 to the present time, more Pro- 
duction than Manufactures papers were pub- 
lished. The results are shown in Figure 1. 
The increased numbers of papers in the general 
area of production since 1947 have been due 


to accelerated research activities in artificial in- 
semination, breeding, nutrition, and physiology. 

The quality of papers submitted for publica- 
tion in the JouRNAL can be improved. The 
principal reasons for the delays in publishing 
some papers were as follows: 


1. Experiments were not designed correctly. 

2. Results were not statistically analyzed in 
order to provide a basis for the correct 
interpretations of data. 

3. Papers were not written clearly and con- 
cisely. 

4, Papers did not conforin to the JouRNAL 
style. 


There is not much we can do about experi- 
mental designs, except to emphasize their im- 
portance. We can, however, insist on more 
precise compliance with Points 2, 3, and 4. 

The abstracts submitted by authors for the 
regional and annual meetings of the American 
Dairy Science Association can be greatly im- 
proved. Many abstracts submitted for the re- 
gional meetings needed to be revised and re- 
typed in the editor’s office because there was 
not enough time to return them to the authors. 
A number of abstracts submitted for the annual 
meetings this year were either revised and 
retyped by the chairmen of the different see- 
tions or were returned to the authors for further 
revision. 

The chairmen of the program committees for 
the Manufacturing, Production, and Extension 
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OUR ASSOCIATION 2023 
TABLE 1 
Distribution of papers published in Volume 41 of the Journal of Dairy Science for 1958 
Research Our Industry Technical Review Our 
Papers Today Notes Papers Symposium Association 
Month M’ P* M P M-P* M P M-P 
(No. in each group) 
January 10 14 1 1 2 1 4 
February 3 9 1 4 2 4 1 
March 7 3 2 1 1 1 3 1 
April 6 5 3 1 1 ] 
May 5 9 1 3 1 1 
June 5 8 2 1 1 1 
July 7 6 4 3 1 
August 2 13 3 3 1 1 
September 7 r 1 3 2 1 1 
October 3 13 3 1 1 1 3 
November 5 14 1 2 
December 5 13 2 1 1 3 2 
Totals 65 114 14 7 14 22 6 5 3 7 0 14 
Grand Totals 179 21 36 6 8 21 


* Manufactures. 
? Production. 


* Apply to both Manufactures and Production. 


Sections did a thorough job this year of trans- 
mitting to the Program Committee at the Uni- 
versity of Illinois abstracts that were well 
written and edited for JouRNAL style. It was 
a pleasure to submit them to the Garrard Press. 

Robert Garrard and his staff at the Garrard 
Press have been very cooperative in publishing 
the JouRNAL and have met contingencies beyond 
the call of duty. Charles Hopper assumed the 
duties of R. J. Dandeneau. His interest in the 
JOURNAL, and especially his efforts to achieve 


LEGEND: 
PRODUCTION PAPERS 
MANUFACTURING PAPERS ---------- 
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an earlier monthly publication date, is appre- 
ciated by the membership in the Association and 
by the editorial staff. Mrs. Lois Hough has also 
been of much assistance to the editorial staff. 

It is time to consider the publication of a 
new Guide for Authors. The Conference of 
Biological Editors has compiled some useful 
information which should be published during 
late 1959 and from which we should be able to 
prepare a useful set of instructions for our 
authors. 


Fig. 1, Distribution of papers published in the Journal of Dairy Science 
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BOOK REVIEW 


THE TECHNOLOGY OF Foop PRESERVATION. 
Norman W. Desrosier. The Avi Publishing 
Company, Inc., Westport, Connecticut. 418 pp. 
1959. 

The purpose of this book is to present the 
elements of food preservation technology. It 
is ideally suited as a text for introductory food 
technology courses. Since this book covers the 
major phases of the food industry in a com- 
prehensive and authoritative manner, it should 
be an ideal reference for all those who are in- 
terested in food technology. 

The author has refrained from the considera- 
tion of techniques for the processing of specific 
products and this has allowed a good coverage 
of the fundamental science involved in a num- 
ber of processing and manufacturing areas. 

The diverse material of this book is pre- 
sented in 11 chapters. An abundance of figures, 
pictures, and tables has been used by the author 
and this greatly enhances the reading quality 
of the book. The first three chapters are de- 
voted to introduction, history, and the general 
problems involved in feeding mankind. Sepa- 
rate chapters are devoted to the preservation of 
food by canning, freezing, and drying. Al- 
though all the chapters are quite adequate, the 


one on canning was considered best, with Zreez- 
ing and drying second and third, respectively. 
The chapter on fermentation and _ pickling 
was very well done and is highly recommended. 
The food as sugar concentrates chapter is per- 
haps the least desirable offering in the book. 
Although the material presented in this chap- 
ter is good, the criticism lies in the lack of vom- 
plete coverage of food preservation in this area. 
The chapters on chemical additives and ionizing 
radiations are excellent. The comment might 
be offered that many food technologists may 
not share the author’s enthusiasm for the ex- 
tensive use of ionizing radiations in the food 
industry. However, this does not, in any way, 
detract from the general value of this chapter. 
The appendix of this book is devoted to a 

number of very useful tables, as well as a com- 
plete list of journals which cover the many 
aspects of food preservation. The author should 
be complimented on the inelusion of so much 
information in a single volume of 418 pages. 
This book is a significant addition to the food 
technology library. 

A. I. NELSON 

University of Illinois 

Urbana 
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